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PKEFACE. 


In  re-casting  my  '  Notes  fob  Students  in  Chemistry,' 
the  sixth  edition  of  which  was  published  by  Messrs. 
Churchill  in  1878,  I  found  myself  so  cramped  for 
space  that  I  omitted  the  Skeleton-notes  on  Analysis. 
Although,  at  the  time,  I  had  the  full  intention  of 
reproducing  them,  business  has  prevented  me  to  such 
an  extent,  that  I  had  almost  resolved  to  allow  them  to 
drop.  But,  partly  pressed  by  my  own  pupils,  partly 
and  chiefly  on  the  solicitation  of  my  Colleague  in 
Examinations,  Dr.  George  Harley,  F.R.S.,  I  have  re- 
considered the  matter.  The  result  is  the  separate 
edition. 

In  passing  the  sheets  through  the  press,  I  have 
to  express  my  sincere  thanks  to  my  able  Assistant 
Mr.  C.  G.  Stewart. 

If  I  do  not  entertain  the  same  opinion  as  to  the 
employment  of  Analytical  Tables,  as  do  some  of  my 
brethren,  it  is  because  of  the  ludicrous  mistakes  occa- 
sioned by  their  improper  employment.  It  is  true  that 
our  students  in  medicine  have  not  much  time  to  devote 
to  the  study  of  practical  Chemistry,  and  that  the 
requirements  of  the  College  of  Surgeons  are  nearly 
nil :  but,  at  the  School  of  St.  Thomas's  Hospital,  we 
take  our  stand  upon  the  Examinations  of  the  University 
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of  London,  and  endeavor  to  satisfy  tlie  requirements 
of  the  Preliminary  Scientific.  When,  then,  an  ordi- 
nary student  is  expected  to  be  able  to  pass  in  Inorganic 
Qualitative  Analysis,  it  is  easy  for  him  to  extend  his 
information  by  taking  in  the  subjects  of  the  First  M.B. 
The  skeleton-notes  are  suited  for  students  at  both 
these  examinations. 

Albert  J.  Bernats. 

Chemical  Laboratory, 
St.  Thomas's  Bosjntal  Medical  and 
Surgical  College,  S.E. 
May,  1879. 
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BEENAYS'  NOTES 

ON 

.ANALYTICAL  CHEMISTEY. 


Preliminary. 

Distilled  water  has  no  eft'ect  upon  the  color  of  test-papers. 
It  leaves  no  residue  on  evaporation,  is  inodorous  and  uninliaiu- 
mable.  Unafiected  by  argentum  nitrate  and  by  sodium  car- 
bonate. Acidulated  with  hydrochloric  acid,  no  change  of  color  by 
hydrogen  sulphide.  If  quite  pure,  no  coloration  with  Nessler's 
test  (absence  of  ammonia),  and  no  turbidity  with  lime-water 
(absence  of  carbon  dioxide). 

Nearly  all  the  salts  of  potassium,  sodium,  caesium,  rubidium, 
lithium  and  ammonium  are  soluble  in  water. 

The  CARBONATES,  'SULPHITES,  PHOSPHATES,  ARSENATES,  ARSE- 
NITES,  BORATES,  TARTRATES,  OXALATES,  CITRATES,  URATES,  CHRO- 

MATES,  SILICATES,  of  metals  other  than  the  alkaline  metals  are 
more  or  less  insoluble  in  water. 

Most  metals  form  hydroxides :  those  of  kalium  KOH,  natrium 
NaOH,  CAESIUM  CsOH,  rubidium  EbOH,  lithium  LOH  and 
ammonium  NH.,0H, — of  BARIUM  Ba(0H)2,  strontium  Sr(OH),  and 
CALCIUM  Ca(0H)2,  are  alone  soluble  in  water.  Their  solutions 
turn  red  litmus  paper  blue.  Argentum  nitrate  AgNOj  occa- 
sions in  them  a  grey-brown  precipitate,  consisting  of  argentum 
oxide  AgoO,  soluble  in  nitric  acid,  and  in  ammonia. 

E.g.  2KOH    +  2AgN03  =  AgiO  +  HjO  +  2KNO3. 
Ba(0H)2  +  2AgN03  =  Ag^O  -i-  H^O  4-  Ba2N03. 

Therefore  a  solution  of  an  hydroxide  in  water  blues  red  litmus, 
and  is  precipitated  grey-brown  by  argentum  nitrate  :  but, 
CARBON  dioxide  Only  precipitates  barium,  strontium  and  cal- 
cium as  carbonates,  inasmuch  as  the  carbonates  of  potassium, 
sodium  and  ammonium  are  soluble  in  water. 


E.g.  Ca(0H)2  +  CO2  =:  CaCO,  +  H^O. 

B 


2       USES  OF  CARBONATES  AND  OF  HYDRO-CARBONATES. 

CO,  occasions  milkiness  in  solutions  of  BaCOH),,  Sr(0H)2  and 

Ca(OH),.  . 

A  solution  of  Ba(OH),,  Sr(OH)„  and  Ca(OH)„  is  of  course 
precipitated  by  a  solution  of  soincM  CAiuiONATE,  and  tlms  a 
separation  can  be  made  by  precipitation  ot  BaCOj.  SrCOa,  and 
CaC03,  from  the  hydroxides  (jf  potassium,  sodium  and  ammonium 
(lithium,  caesium  and  rubidium  also). 

N  B  As  then  tlie  carbonates  of  tlie  basylous  metals,  except 
those  of  the  alkalies,  are  insoluble  in  water,  a  solution  of  an 
alkaline  carbonate,  -  say  of  sodium  carbonate  NaoCOj  occasions 
a  white  precipitate  of  an  insoluble  carbonate  m  solutions  oi 
metallic  salts. 

E     BaCla  +  NaoCOj  =  BaCOj  +  2NaCl. 
FeSO,  +  Na;C03  =  FeCOa  +  Na^SO,. 

■  A  solution  of  a  salt  may  be  neutral  in  the  chemical  accepta- 
tion of  the  word,  and  may  yet  redden  blue  litmus  or  turn  red 
litmus  paper  blue.  Thus,  both  Cuprio  sulphate  CuSO^  and 
SODILM  CARBONATE  Na.COs  are  neutral  salts,  because  thebydrogen 
in  both  acids  H,SO,,  and  H.CO,,  is  replaced  by  ^  «  t^q^'^-^l^^* 
Na,  and  Cu.  But  Na.COj  blues  red  litmus,  and  CuSO^  reddens 
blue  litmus.  Sodium  carbonate  however  gives  a  white  precipi- 
tate with  AgNOs  and  therefore  they  cannot  be  confounded  with 
an  hydroxide  (see  above). 

Thus:— Na„C03+  2AgN03  =  Ag^COj  +  2NaN03. 

Sodium  hydro-carbonate  NaHCOg  ^oes  not  precipitate  mag- 
nesium salts  or  solution  of  tartar  emetic  (2[KbbUL4±l,Ue  i,ii2U) 
until  heated.  In  presence  of  ammoniacal  salts,  together  witn 
certain  metallic  salts,  such  as  zinc,  magnesium,  &c ,  beat  may 
be  necessary,  even  in  using  sodium  carbonate  as  a  precipitant ; 
but  little  skill  is  however  required  in  detectuig  ammonia  a. 
by  its  smell,  5.  by  fumes  with  hydrochloric  acid,  and  c.  by  blue 
color  to  red  litmus. 

The  presence  of  metaUic  salts  other  than  of  the  alkaline 
metals  is  then  detected  by  Na.COj,  which  occasions  a  precipitate. 

If  solution  reddens  test-paper  strongly,  there  will  be  effer- 
ve  ence  on  addition  of  Na.,003:  a.  If  effervescence  without 
Inv  precipitate  even  on  boiling,  then  we  have  only  to  deal  w  ith 
a  Le  ac  d,  or  an  acid  salt  of  alkaline  metals.  6  If  efferves- 
cence first  vith  precipitate  only  becoming  permanent  on  addition 
of  excess  of  Na  CO3,  we  have  a  metallic  salt  together  with  tree 
fcid  '  If  no  efiv'rvescence,  or  eiiervescence  with  permanent 
Secipitate,  then  the  reaction  on  the  test-paper  is  due  to  the 
nature  of  the  salt,  and  there  is  no  free  acid. 


PRECAUTIONS  TO         TAKEN  IN  TESTING. 
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AVheu  a  solution  is  heated  in  a  test-tube,  tlio  latter  should  be 
kept  in  continuous  agitation,  to  preveut  ejection  of  the  contents. 
Bsware  of  ailding  coocoutratod  acids  to  hot  solutions.  The 
tests  should  bo  employed  gradually,  as  otherwise  many  iudica- 
tions  are  lost.  Wliilst  moderation  is  suggested  in  the  use  of 
tests,  care  should  be  taken  to  add  sufficient  quantities,  as 
otherwise  serious  mistakes  may  arise  :  thus  excess  must  be  em- 
ployed in  order  to  separate  members  of  particular  groups.  If  a 
liiiuid  is  strongly  acid,  dilute  before  adding  most  tests.  When 
filtration  is  required,  do  uot  allow  the  washings  to  pass  into  the 
original  liquid.  VVlienever  it  is  possible  to  decant  or  pour  off 
tiie  clear  liquid  from  the  precipitate,  it  is  easy  to  wash  this 
way. 

Table  of  the  Elements,  with  their  Symbols  and  Atomic 
"Weights,  Specific  Gravities  and  Melting-Points. 


Element. 
Aluminum 
Argentum 
Arsenicum 
Aurum  . 
Barium 
Bismuth 
Boron  . 
Bromiue 
Cadmium 
C.iesium 
Calcium 
ClU'bon  . 
Ceriu'Ti 
Cidorine 
Chriimium 
Cobnlt 
Cuprum 
Didymium 
Erbium  . 
Ferrum  . 
Fluorine 
Gallium 
Glucinum 
Hydrargyrum 
Hydrogenium 
Iodine   .  . 
Indium 
Iridium 
Kalium 


Symbol. 

Al  : 

Ag  : 

As  : 

AU  : 

Ba  : 

Bt 

B 

Br 

Cd 

Cs 

Ca 

0 

Ce 

CI 

Cr 

Co 

Cu 

D 

E 

Fe 

F 

Ga 

G 

Hg 

H 

I 

In 
Ir 
K 


At.  Weights. 

27-5 

JOB 

75 
196.6 

■  137 
2  ro 
I  r 
80 
112 

133 

40 

12 
I4r .  2 

35.5 
52.2 
5B.8 
63.4 
147 
:  i6g 

:  56 
19 

69.8 

9-3 

200 
I 

:  T27 

:  115.4 
198 
39.1 


Sp.  Gravity.  Melting-Puiiit. 


2.67 

10.468 

5-7 
19. 265 

4 

9.823 
2.68 
2.966 
8.655 

1.578 

6.728 

6.81 
8.95 
8.952 
6.544 

7-79 

5-9 
2.1 

13.596 

4-95 
7-42 
22.40 
0.865 


700" 
rooo° 

1102° 

270° 

315° 


1090° 


30. 

o 


-40' 

107° 
176° 


B  2 


62.5° 


4         TABLE  OF  ELEMENTS.     WEIGHTS  AND  MEASURES. 


Table  of  the  Elements,  ^tc— continued. 


Element.  SymboL 
Lanthanum    .    .  La 
Lithium     .    .    .  L 
Magnesium    .    .  Mg 
Manganesium     .  Mn 
Molybdenum  .    .  Mo 
Natiium    .    .    .  Na 
Nickel   .    .    .    .  Ni 
Nitrogen    .    .    .  N 
Osmium     .    .    .  Os 
Oxygen     .    .    .  O 
Palladium      .    .  Pd 
Phosphorus    .    .  P 
Platinum    .    .    .  Pt 
Plumbum  .    .    .  Pb 
Khodium   .    .    .  R 
Eubidium  .    .    .  Kb 
Ruthenimn     .    .  Ru 
Seleniiun    .    .    .  Se 
Silicium     ...  Si 
Stannum    .    .    .  Sn 
Stibium     .    .    .  Sb 
Strontium  .    .    .  Sr 
Sulphur     .    .    .  S 
Tantalum  .    .    .  Ta 
Tellui-ium  .    .    .  Te 
Thallium  .    .    .  Tl 
Thorium    .    .    .  Th 
Titanium  .    .    .  Ti 
Tungsten  .    .    .  W 
Uranium    .    .    .  U 
Vanadium  ...  V 
Yttrium     .    .    .  Y 
Zincum     .    .    •  Zn 
Zirconium      .    .  Zr 


At.  Weights. 

Sp.  Gravity. 

Melting-Point. 



I  ^  Q 

6.163 



7 

0.594 

i8g° 



24 

1.743 



55 

8.013 



q6 

J 

8.62 



23 

0.974 

95. &° 



58.8 

8.82 

 . 

14 

_ 

IQ14. 2 

.  22.477 

16 



106 .  t 

II. 4 



3 1 

1.83 

.  44° 

— 

197-4 

21.50 

207 

11.367 

.  334° 



104.3 

12. 1 

85-4 

1. 516 

3a.5° 

; 

104.4 

— 

79-5 

4-5 

217° 

— 

28 

2.49 

118 

7-294 

.  235° 

— 

122 

6.713 

.  425° 

— 

87.6 

2.540 

— 

3^ 

2 .07 

115° 

192 

326.6^^ 



129 

6.25 

203 .6 

II. 8 

.  294° 

231.5 

50 

17.60 

184 

120 

18.4 

51.2 

92.5 

65.2 

6.915 

.  423° 

89.5 

Weights  and  Measukes. 

480  grains  Troy  =  i  oz.  Troy. 

T,,  c  =  I  oz.  Avoirdupois. 

437o    ))     »  - 

7000     „     ,.  = 


APPEARANCES  OF  COMMON  THINGS. 
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Grains. 

The  imperial  gallon  contains  of  water  at  r6.33°0.  70,000 

The  pint  Q  gallon)  8,750 

The  fluid  ounce  (^)  piut   4i7  -5 


Measures  of  Weight  and  Capacity. 

In  English  grains.  In  cubic  inches. 
Milligram  ,.  ..  0.015432  Millilitre  ..  ..  0.061027 
Centigram  ..  ..  0.154323  Centilitre  ..  ..  0.610271 
Decigram  ..  ..  1.5  43  23  5  Decilitre  ..  ..  6.102705 
Gramme      ..    ..  15.432349     Litre   61.027052 


Appearances  of  the  more  commonly  occurring  Bodies  : — 

Metallic  lustre  more  or  less  marked.  Tiie  metals,  graphite, 
iodine,  many  metallic  sulphides  and  arsenides  as  ores  (lead, 
silver,  copper,  iron,  tin,  antimony,  bismuth,  nickel,  cobalt  ; 
ferric,  ferroso-ferric,  and  stannic  oxides  as  ores,  manganese 
peroxide  (pyrolusite,  crystalliztd),  anhydrous  fei-ric  chloride. 

Black.  Most  of  the  above  in  a  finely  divided  state;  the 
precipitated  sulphides  of  lead,  iron,  bismuth  (brownish), 
mercury,  gold,  platinum,  silver,  cobalt  and  nickel;  manganese, 
nickel,  and  cobalt  peroxides ;  reduced  iron,  lead,  and  platinum: 
ferrous,  ferroso-ferric,  stannous,  mercurous,  and  cupric  oxides  ; 
lead  suboxide,  cupric  and  other  phosphides,  ferric  tannate  and 
ferrous  gallate  (ink). 

White  or  colorless.  Salts  of  the  following,  unless  the  acid 
radicle  be  colored  : — alkalies  and  alkaline  enrths,  zinc,  tin,  alu- 
minum, bismuth,  antimony,  cadmium,  silver,  mercury  (neutral 
salts),  lead,  and  copper  in  the  cuprous  form.  Alkaloids,  sugars, 
starches, glycerine,  alcohol,  urea;  if  pure.  Distilled  water.  Free 
acid  radicles  or  hydrogen  salts,  except  chlorine,  bromine,  iodine, 
and  sulphur,  chromic,  bismuthic,  hypochlorous  and  nitrous 
acids.  Oxides  and  hydroxides  of  alkalies,  alkaline  earths,  zinc 
and  aluminum ;  plumbic  and  cadmic  hydroxides ;  ferrous  and 
manganous  hydroxides  (rapidly  changing);  ferric  phosphate; 
most  ferrous  salts  when  anhydrous. 

Yellow.  Ferric  salts  (acid),  most  neutral  chromates,  basic 
salts  of  mercury,  silver  orthopliosphate  and  arsenite ;  sulphur, 
soluble  persulphides,  cadmic,  arscnious,  and  stannic  sulplddes; 
plumbic  oxide  ("  massicot "),  oxychloride  ("  Turner's  yellow  "), 
and  iodide ;  mercuric  oxide  (precipitated),  cuprous  hydrate,  zinc 
oxide  when  heated;  potassio-cobaltous  nitrite  (" aureolin ") ; 
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bromide  of  starch ;  cadmium,  nickel,  mercuric  and  bismutli 
ferricyanides;  auric  oxide  and  chloride,  ammonio-  and  potasjsio- 
platinic  chlorides. 

Pale  or  Light  yellow.  Hypochlorous  acid,  chloiine  water 
and  gas,  silver  iodide,  precipitated  sulphur,  lead  antimoniaie 
("  Naples  yellow  "),  ferrous  oxalate,  antiniouic  anhydride,  tannic 
acid,  potassium  ferrocyanide  ("  honey  yellow"))  mercuric  chloro- 
sulphide  (changing  from  white  to  yellow,  orange,  red,  brown, 
black). 

Green.  Cupric  chloride,  hydrocaibonate  (malachite),  basic 
acetate  (also  blue-"  verdigris "),  ferricj'anide,  arsenite  (Scheele's 
green),  aceto-arsenite  (em(rald  gi  een) ;  niekelous  hydroxide, 
most  lerrous  and  nickel  salts;  chromic  oxide,  hydroxide,  and 
salts  (also  violet);  aureus,  niekelous  and  manganous  oxides 
(dark  olive);  zinc  cobaltate  ("  Einman's  green,"  blowpipe  test), 
cobalt  ferrocyanide  (dirty  green  to  grey)  mercurous  iodide 
(yellowish),  manganates  (inttnse  bluish  green,  blowpipe  test), 
nitrous  acid  (varies),  potassium  ferrocyanide  solution  (yellowish). 

Blue.  Cupric  hydi-ate,  hydrocarbonate  (Chessylite),  nitrate, 
sulphate,  acetate,  arsenate,  &c. ;  basic  and  anljydrous  cobalt 
salts,  cobalt  glass  ("smalt"),  cobalt  aluminate  ("  Thenard's 
blue,"  blowpipe  test),  ultramarine,  solution  of  niekelous  hy- 
droxide in  ammonia. 

Dark  hlue.  Cupric  salts  wilh  excess  of  ammonia,  Fehling's 
test,  Prussian  blue,  iodide  of  starch. 

Violet  or  Purple.  Chromic  salts  (also  green),  some  cobalt 
compounds,  purple  of  Cassius  (auric  stannate);  ferrates  and 
perchromic  acid  (unstable) ;  murexide  (uric  acid  test),  solution 
of  I  in  CS2  or  OHCI3,  iodine  vapor. 

Crimson.    Pt  rmanganates,  argentic  chromate. 

Pink  or  flesh-colored.  Manganous  sulphide,  chloride,  sulphate, 
&c. ;  eobaltous  hydroxide  and  many  salts  in  solution;  mag- 
nesium cobaltate  (blowpipe  test). 

Orange.  Nitric  acid  containing  nitrous,  bromine  water,  anti- 
monous  sulphide,  some  chromates  and  ferric  salts,  zinc  and 
argentic  ferricyanide,  auric  chloride  (dry),  nitrogen  peroxide, 
bromine  vapor.  ,  ,  .  ■, 

Brick-red.  Plumbic  oxide  (litharge)  and  chlorosulphide, 
arsenic  and  phosphorus  iodides,  realgar  (AS2S2),  mercurous 
chromate. 

Orange-red.  Acid  chromates,  some  ferric  compounds,  mercuric 
chromate  (yellow  at  first). 

Eed.  Basic  lead  chromate,  red  lead,  cinnabar  and  vermihon 
(mercuric  sulphide),  cuprous  oxide,  chromic  anhydride,  mercuric 
oxide  ("  red  precipitate  "),  and  iodide. 

Rose-red.    Cobalt  salts. 

Brown-red.   Ferric  oxide,  mercuric  osychloride  (NaHCOs-l- 
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Hi^CU),  amorphous  pliosphorus,  solid  potassium  t'crncyaiiule, 
sodium  nitropnisside,  manganic  salts  (unstable),  reduced  copper, 
ferric  acetate,  t\)rmate,  meconiile.  and  sulpliocyanide,  broniiuc, 
chlorochroniic  acid  ClO.,C1.,,  cnpric  tV-rrocyanide  (maroon). 

Brown.  Keduced  gold,  ferric  hydroxide  (varies),  plumbic 
peroxide,  ferric  succinate  ami  uintc  (reddish),  ferric  benzoate 
(pale),  blrnde  (ZnS),  cadmium  oxide,  bismuth  iodide  and  bis- 
muthic  a''id,  stannous  sidphide,  silver  ar.senate,  iodine  water 
(light),  iodine  tincture  and  alkaline  triiodides  (deep),  platinic 
chToiide  and  other  compounds,  neutral  ferric  solutions,  some 
oxides  of  chromium,  uranium  ferrocyanide  (dark),  manganous 
ferricyani  le,  cobalt  ferricyanide  (purple-brown),  mercurammo- 
nium"  iodide  (Nessler  precipitate),  cupric  cliromate  (orange- 
brown),  solution  of  cobalt  hydroxide  in  ammonia  (becomes  red), 
sulphur  vapor,  plastic  sulphur. 

Grey.  Precipitated  antimony,  arsenic,  mercury  and  silver, 
silver  oxide  (brown-grey),  cobaltous  oxide,  silver  antimonide, 
anhvdrous  cupric  sulphate. 

[Many  organic  substances  may  be  brown,  yellowish  or  grey 
from  impurity.] 

Usual  appearances  of  crystals: — 

Transparent  needles.  Oxalic  acid  (also  thicker  and  more 
opaque),  magnesium,  zinc,  sodium,  ammonium  and  quina 
sulphates,  calcium  chloride  (deliquescent)  urea, calcium  sulphate 
(rather  rare),  ammonium  nitrate,  chloride  and  oxalate,  gallic 
acid  (minute),  sodium  acetate,  cupric  chloride,  hydrat.ed  ferri'c 
chloride  (brown,  deliquescent),  soluble  succinates,  potassium 
picrate  (yellow),  lueti  oxalate,  [thein,  and  many  alkaloids]. 

Opaque  needles.  Hippuric  acid,  morphia,  strychnia,  magne- 
sium phosphate  (minute),  stannous  chloride,  lead  acetate,  mer- 
cm-ic  and  lead  chlorides,  potassium  permanganate  (dark  purple), 
calcium  benzoate,  prismatic  sulphur,  potassium  nitrate. 

Pearly  or  resinous  lustre  :  (u)  needles  ;  silver  acetate,  alumi- 
nium sulphate,  potasbium  ferricyanide. 

(b)  plates  or  scales;  benzoic  acid  and  soluble  benzoates, 
barium  chloride,  boracic  acid,  urea  nitrate,  potassium  feri-o- 
cyanide  (also  massive  square  tables),  barium  hydrate,  cadmium 
and  lead  iodides,  chromic  chloride  (anhydrous,  violet),  potas- 
sium chlorate  (V),  [croton  chloral,  santoaine,  leucine,  picric  acid 
(also  octuhedra),  some  fatty  acids,  cholesterine,  sebacic  acid.] 
mercurous  acetate. 

Short,  thick  crystals  :  (ci)  efflorescent ;  most  sodium  salts, 
alums  (octahedra),  tartar  emetic,  cupric  and  ferrous  sulphates, 
lead  acetate,  mercurous  nitrate. 

(b)  deliquescent ;  malic,  phosphorous  and  phosphoric  acids, 
zinc  acetate,  cadmium  nitrate,  hydropotassic  sulphate. 
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(c)  permanent ;  potassium  chromate,  dichromate,  hydro-car- 
bonate, sulphate,  binoxnlate,  &c.,  tartnric  and  citric  acids  (if 
pure),  strontium  nitrate,  calc-spar  (CaCOj),  Rochelle  salt  (sodio- 
potassic  tartrate),  sucrose,  gypsum,  &c. 

(d)  opaque;  plumbic  nitrate  (very  marked),  succinic  acid, 
lactose,  potassium  hydrogen  tartrate,  mtrcuiic  cyanide,  cincho- 
uiue  salts. 

Cubes.  Chlorides,  bromides  and  iodides  of  alkaline  metals 
(cyanides  usually  in  mass),  ii-on  pyrites  FeS2,  galena  PbS,  fluor- 
spar CaFs.  Potassium  bromide  is  usually  more  transparent 
than  the  iodide. 

Substances  commonly  met  with  in  masses,  cakes,  or  lumps  : 
fused  salts  generally,  especially  the  following  : — 

Structure  pearly  flakes :  pure  sodium  and  potassium  hy- 
droxides, potassium  and  sodium  acetates.  Fibrous  ;  ammonium 
chloride.  Granular  crystalline:  aluminum  sulphate,  mercmic 
chloride,  potassium  disulphate,  fused  calcium  chloride,  glucose, 
camphor,  silver  nitrate  (sticks),  potassium  nitrate  ("sal  prunella," 
sticks  or  balls,  "  glob,  prunel."),  roll  sulphur.  These  may  also 
appear : 

Amorphous:  (a)  opaque;  arsenious  anhydride  (porcellanous, 
sti-atihed),  common  caustic  potash  and  soda  (sticks  or  cakes), 
fused  antimonious  sulphide  (dark  brown),  potassium  cyanide  and 
nitrite,  mangauates  (dark  green),  silicates,  zinc  chloride  (deli- 
quescent sticks),  barium  oxide. 

(b)  transparent ;  glacial  phosphoric  acid  (deliquescent  sticks 
or  luQjps),  quartz  aud  mixed  silicates  (glass),  phosphorus  (waxy, 
becomes  opaque  white,  yellow,  orange,  red),  sucrose  in  the  form 
of  barley  sugar  [gelatine,  soluble  albumen,  gums,  resms,  &c.]. 

Gelatinous  or  flocculent  bodies  (Colloids).  Hydric  and  many 
other  silicates,  most  precipitates  from  solutions  of  aluminum, 
iron,  chromium,  manganese,  nickel,  and  cobalt  salts,  potassium 
and  barium  silicofluorides,  calcium  tluoride,  gelatine,  albumen, 
starch  when  boiled,  &c.  Many  iDreoipitates  at  first  flocculent 
become  granular  or  even  crystalline  by  heat  or  standing. 

Crystalline  precipitates.  Potassium  aud  ammoniuui  hydro- 
tartrates,  benzoic,  hippuric,  boracic,  arsenious,  chromic,  uric, 
gallic,  salicylic  and  picric  acids,  ammonio-  and  polassio-platinic 
chlorides,  magnesium  and  ammonio-magnesium  phosphates 
(minute),  plumbic  chloride,  bromide,  iodide,  and  sulphocyanide, 
cuprous  chloride,  barium  chloride  and  nitrate  (by  strong  acids), 
silver  acetate,  potassic  perchlorate,  urea  nitrate  and  oxalate. 

Syrupy  liquids.  Concentrated  solutions  of  very  soluble 
bodies,  such  as  potassium  and  sodium  hydroxides,  potassium 
carbonate,  zinc  and  ferric  chlorides,  tartaric,  malic  aud  citric 
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acids,  sucrose,  &c. ;  glycerine ;  phosphoric,  arsenic,  sulphuric 
aud  lactic  acids  [gum,  albumeu,  gelatine,  &c.]. 

The  above  list  embraces  the  substances  most  frequently  met 
with,  including  a  few  characteristic  ones  out  of  the  range  of 
ordinary  analysis,  and  omitting  the  majority  of  bodies  enumerated 
in  the  table  of  colors. 

The  amorphous  powders  are  too  numerous  to  specify.  Opaque 
dead-looking  powders  are  usually  insoluble  in  water.  If  colored, 
a  heavy  metal  is  generally  present.  "  Scale  preparations,"  such 
as  citrates  and  tartrates  of  iron,  simulate  crystals,  but  are 
ii'regular  in  form.  Substances  may  be  coloretl  yellowish, 
brownish,  &c.,  by  impurity;  this  is  frequently  the  case  with 
glucose,  tannin,  alkaloids,  malic,  uric  and  meconic  acids.  Pul- 
verization generally  diminishes  color  in  proportion  to  the 
fineness  of  the  division;  sometimes  the  tmt  is  removed  or 
entirely  changed.  As  a  rule,  colored  bodies,  if  soluble  in 
water,  give  solutions  of  the  same  or  similar  hue,  ferro-  and 
ferricyanides  being  mitable  exceptions.  Lead  and  mercuric 
iodides  give  colorless  solutions,  so  also  do  many  other  bodies 
in  dissolving  in  acids.  The  deep  blue  tint  of  ammonio-cupric 
solutions  is  removed  by  potassium  cyanide.  The  color  of 
precipitates  often  varies  with  different  circumstances  of  pre- 
cipitation. 

Fluorescent  bodies.  Quina  salts  in  solution  [chlorophyll, 
sesculin,  eosin,  "  paraffin  oil,"  uranium  compounds]. 

Substances  more  or  less  dicliroic.  Some  salts  of  chromic 
oxide,  potassium  terricyanide,  platiuo-cyanides,  nickel  hydroxide 
in  ammonia,  [most  aniline  dyes,  indigo,]  Prussian  blue,  potas- 
sium permanganate  crystals. 

Characteristic  odors.  CI,  Br,  I,  S0„,  H^S,  [HoSe,  H.Te],  HCl, 
HBi,  HI,  HON,  (ON).,,  HF,  N0„,  NH,;  PHj*  (stinking  fish), 
As  and  AsHj  (garlic)  ;  CLO  (from  hypochlorites)  ;  acetic, 
formic,  and  benzoic  acids ;  burnt  sugar  (sugars  and  tartaric  acid 
on  heating) ;  burnt  feathers  (protein  compounds  by  heat) ; 
pleasant  ethereal  (acetic  and  formic  ether.-^,  from  acetates  and 
formates,  by  heating  with  alcohol  and  PIjSOJ;  aldehyd  (from 
alcohol  by  K^iJr^O,  and  H2SO4);  alcohol  (nearly  inodorous 
when  pure),  [ether,  chloroform,  CSj  and  a  large  number  of 
organic  compounds]  ;  acrolein  (int;ensely  pungent,  from  glycerin 
by  KHSO4  and  heat)  ;  pungent  odor  from  oxalic,  benzoic,  citric 
and  succinic  acids  by  heat. 

Pkepakatoky  Experiments. 

Carefully  note  appearances  :  if  a  solid,  is  it  metallic,  colored, 
white  or  colorless  (p.  5) ;  crystalline  (p.  7)  or  amorphous 
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Heat  in  small  glass-tube.  a.  volatilize  readily  :  salts  of 
NH4  with  volatile  radicles, — of  Hg  or  llg,) — AsjOj  or  ASjOj, — 
certain  chlorides  as  of  Sn,  Sb,  &c., —  certain  oiganio  bodies, — 
water  of  crystallization,  &c.  h.  fuse  without  blackening: 
hydroxides  of  K,  Na,  Ba, — salts  of  alkalies  and  alkaline  earths, 
— boj'ticic,  pliospborous  and  pliosphoric  acids,  &c.  c.  evolve 
nitrous  fumes,  nitrates  nnd  nitrites.  d.  evolves  Cyanogen, 
kindling  with  peach blossom-colortd  tiame, —  cynnidesof  Ag,  Hg. 
e.  give  oS  brown  vapors,  burning  witli  otha-  of  sulphur  dicxide, 
— sulphur  and  certain  sulphides.  /.  blacken  or  char, — certain 
organic  bodies, — various  salts  with  metallic  ba^es.  Those  of 
the  alkaline  metals  K  and  Na  leave  a  residue  of  a  carbonate, 
alkaline  to  test-paper,  and  soluble  with  effervescence  in  HCl. 
g.  undergo  no  change, — silica,  barium,  strontium,  and  calcium 
sulphates. 

Ascertain  if  substance  is  soluble  in  Water. 
Place  a  few  grains  in  a  test-tube,  and  add  a  little  distilled 
water;   shake  and  heat  carefully.    If  soluble,  note  whether 
solution  colorless  or  colored. 

I.  The  substance  is  soluble  in  Water. 

I.  Use  red  litmus  paper  :  it  is  turned  blue.  a.  Add  sodium 
carbonate:  no  reaction  even  after  stirring  and  heating  (if 
required) ;  it  is  either  potassium  or  sodium  hydroxide  or  a  salt 
of  K  or  Na  with  alkaline  reaction.  To  a  fresh  portion  add 
SILVER  nitrate:  the  precipitnte  is  greyish-brown,  soluble  in 
NH3  and  in  HNO, ;  it  is  KOH  or  NaOH.  The  precipitate  is 
liver-brown,  soluble  in  NH3  and  in  HXO3,  it  is  an  alkaline 
arsenate.  The  precipitate  is  yellow,  soluble  in  NH3  and  in 
I4NO3,  it  is  an  alkaline  arsenite  or  phosphate.  Yellow,  and 
insoluble,  an  iodide.  The  preiipitate  is  white,  and  easily 
soluble  in  HNO3  and  in  NH3,— an  alkaline  borate,  sulphite, 
carbonate,  tartrate,  oxalate,  acetate,  benzoate,  citrate,  hippurate 
or  succinate.  The  precipitate  is  white  and  curd-like,  with  diffi- 
culty soluble  in  NH3  and  only  soluble  in  boiling  HNO3,— an 
alkaline  cyanide.  The  precipitate  is  white,  yellow,  orange  and, 
by  heat,  black,— an  alkaline  hyposulphite.  The  precipitate  is 
black, — an  alkaline  sulphide.  .  . 

N.B.  Many  other  salts  of  K,  Na,  and  NH^  are  precipitated 
by  AgNOa,  but  they  are  either  neutral,  or  acid,  to  test-paper. 
SaltsV  ammonium  would  be  recognized  by  NaXOj,  ns  ammo- 
nium carbonates  are  volatile,  odorous  of  NH3,  which  turns  red 
litmus  blue,  and  fumes  with  glass-rod  dipped  in  HCl. 

I.  Examine  the  solution  with  test-papers.    Litmus  paper 
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BLUED.  ^.  add  sodium  carbonate  :  au  immediate  white  pre- 
cipitate. To  a  fresh  portion  add  silver  nitrate,— a  grey-brown 
pncipitate,  solublo  in  HNO3,  and  in  HNO3,  it  is  a  hydroxide 
of  barium,  strontium  or  calcium. 

2.  Examine  the  solution  with  test-paper.  Blue  litmus  is 
REDDENED,  y.  Add  solutiou  of  sodium  carbonate  NajCOj. 
Effervescence  without  any  precipitation  or  turbidity, — either  a 
free  acid  is  present,  or  an  acid  salt  of  K,  Na  or  NU.,.  Effer- 
vescence, with  permanent  turbidity  or  precipitate,  and  with  re- 
solution until  free  acid  is  neutralized, — free  acid  together  with 
soluble  salt  of  alkaline  eartli,  enrtiiy  or  any  heavy  metal.  No 
effervescence,  but  precipitate  at  once  :  then  the  reddening  of 
the  litmus  is  due  only  to  the  nature  of  the  metallic  salt,  as 
many  salts  have  an  acid  reaction.  No  effervescence,  and  ouly 
a  precipitate  after  long  stimng, — probably  a  salt  of  quina, 
cinchona,  morphia  or  strychnia.  No  effervescence,  and  a 
precipitate  on  heating, — tartar  emetic.  No  effervescence,  and 
no  precipitate,— possibly  mercuric  cyanide. 

3.  Examine  with  test-papers,  red  and  blue:  no  change  of 
COLOR.  5.  Add  solution  of  sodium  carbonate.  No  precipitate, 
even  on  boiling  :  absence  of  all  salts,  except  of  K,  Na  and  NH^.^ 
A  precipitate:  presence  of  any  neutral  metallic  salts,  as  of 
Ba,  Sr,  Ca,  &c. 

It  should  be  noticed  that  sodium  hydro-carbonate  NaHCOj 

only  precipitates  salts  of  magnesium  and  tai-tar  emetic  when 
heated,  or  on  long  standing,  and  does  not  precipitate  mercuric 
cyanide. 

In  further  testing  for  the  metals,  the  latter  are  divided  into 
6  groups,  according  to  precipitation,  or  otherwise. 

Group  I.  By  HCl  precipitated  as  chlorides  :  lead,  silver  and 
mercurous.    PbCL,,  AgCl  and  Hg^CL. 

Group  II.  By  HCl  +  HjS,  j^recipitated  as  sulphides,  a.  sul- 
phides soluble  in  (NH4)2S2  ;*arsenicum,  antimony,  stannous  and 
stannic  (gold  and  platinum),  AS2S3,  SbjSj,  SnSj,  AujSj  and  PtS2. 
b.  sulphides,  insoluble  in  (NH4)2S2 :  lead,  mercuric,  bismuth, 
copper  and  cadmium,  PbS,  HgS,  BijSj,  CuS,  CdS.  [A  ferric  salt 
is  reduced  in  acid  solutions,  by  HjS,  into  a  ferrous  salt,  and 
a  salt  of  chromic  acid  into  a  salt  of  chromic  oxide,  with  deposit 
of  yellow  sulphur.  A  similar  deposit  occurs  in  solutions  of 
chlorine,  bromine,  iodine  and  HNO3.  Arsenates  only  preci- 
pitated, after  long  boiling,  and  by  large  excess.] 

Group  III.  By  NH^OH,  after  addition  of  NH4CI  to  original 
solution,  the  hydroxides  of  ferric,  chromic  and  aluminic 
Fe2(0H)„,  Cr^COH)^  and  Al2(OH)o  are  precipitated. 
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Groi  t  r>v  (^NH,\S-.  in  prosonoo  of  NH.Cl.  t\s  sulphides, 
/.ino.  maiiiranous:,  forrvuis,  cobalt  and  uickol,  ZuS,  MnS,  FeS,  CoS, 
NiS. 

Guorr  V.  By  (^NH,XCOs,  in  pn^sonoo  of  NH^Cl,  as  carbonates, 
Iviriuin.  str.nuium  uiul  oaloium.  IviOO^.  SiVO,.  CaCO,. 

As  aliiady  stato.l.  NaoCO,;  pnvipitatis  all  thoso  motals.  with 
the  oxoeptiou  ot"  those  whieh  have  aeiil  eliaraeters,  suoh  as 
As;0_,  AsjO,  ai\il  CrOj.  So  then  magnesium  would  be  preoi- 
pitatetl,  auil  if  no  other  reaetion  answi  rs,  it  is  a  sjilt  of  Mg. 

Guovr  VI.  No  reaction.  K.  Na.i^Cs,  Kb.  L\  or  NH,.  Tiiis 
giMup  is  iletenniuiil  by  the  Xa..L\\j  test,  whieh  also  disoovers 
the  prrsiuee  or  otherwise  of  Nil,.  If  not  a  ssilt  of  Nll^.  avid 
HCl  +  PtCl, :  a  yellow  privipitate.  :KCl.PtCl, :  if  none.  Na. 

The  colors  CDmniunicated  to  fli\me  are  very  helpful,  but  as  a 
rule  it  is  better  not  to  heat  upon  platinuiu-foil  until  we  have 
useertained  souiethin>^  of  the  eharaeter  of  the  unknown  auu- 
pound  by  means  of  test-papers,  Xa...COj  and  Ai:\l\,.  Salts 
of  K.  ^•ioiet.  Na,  yellow.  If  1\.  aitd  Xa  together,  look  through 
blue  glass,  whieh  "absorbs  tlie  yellow  mys.  L,  purple-crimson. 
Sr.  crimsou.  Ca,  yellow-red.  Cu,  green  or  blue.  Tl,  green. 
Ba,  yellowish-green.  B.Oj,  green.  P,  green.  As,  bluish.  Sb, 
greenish- white. 


II.  TUE  SVBSTANCE  IS  INSOLVBLK  IN  WaTEI?  (seo  p.  41). 

Analysis  of  aqikovs  sotations,  WNTAixiNr,  one  nYPi50xir>E, 

oil  ONE  ACIP,  OK  ONE  KAPIOl.E  015  A  SIMVLE  SALf. 

Tests  for  bases  in  soluble  salts. 

a.  Look  to  color,  h.  "Whether  neutral,  alkaline  or  acid  to 
litmus  paper,  c.  Add  Na..CO; ;  a  white  precipitate,  then>fore  a 
heavy  metal  is  present.  [A  salt  of  quina.  einehona.  morphia  or 
stryehitia  would  also  be  precipitated.  First  -U.J).  (Xamiimtion 
at  iiiivcrsity  of  London,  see  pp.  43-51.] 


Group  I.  Hydrochloric  acid*  precipitates  the  chlorides  of  lead 

*  HCl  will  also  pwoipitrtto  lv»sio  antiuunKius  chloride,  soluWo  in  oxtvss, 
n-oui  •solutions  of  laruir  oiuotio;  croam  of  tanar  trau  ix>tassium  lartrato; 
•vrsoiiious  aoia  iroiu  soluMo  arsoiiites.  ami  tho  iv-^pivtivo  »oul*  tivixj  alkaUuo 
borates,  silicates,  tiiau.uos,  antiuioiuitcs.  staunutes,  uiol^vKlates.  luiis^tates ; 
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PbCU,  (thallium  TlCl),  mercurous  H.c;.,CI,,  and  silver  AgCI. 
Their  sulphides  arc  black  or  brown-black  and  insoluble  in 
(NHJ,S,. 

1.  Lead  oxide  PbO,  yellow.  Plydroxide  Pb(OII)..,  wliite  and 
sohible  in  KOH.  [Chief  soluble  salts  :  acetate,  nitrate  luid 
chloride.  Neutral  or  feebly  acid  to  test-paper.  Goulard's 
extract,  alkaline  J  HCl  as  white  PbCl.,,  soluble  in  HCl  iu  excess, 
and  iu  much  water :  not  in  NH3  and  unchanged  white.  H„S 
black  sulphide,  PbS.  In  solutions  of  PbCl.^  iu  HCl,  H.S  gives 
red  precipitate  of  lead  chloro-sulphide  2PbCl.,,  3PbS,  turning  to 
black  PbS  when  H.,S  in  excess.  NaoCOj,  already  used:  pre- 
cipitate of  white  lead  Pb(OH)„,2PbCd3.  KOH,  white  hydroxitle 
soluble  in  excess.  NH^OH  white  hydroxide,  either  at  once  or 
on  heating.  K„SO^  white  lead  sulphate  PbSO^,  soluble  in 
ammonium  acetate.  KyCv^O-,  yellow  lead  chromate  PbCrOj, 
soluble  in  KOH.  KI  yellow  Pbl^,  soluble  in  much  boiling 
water.  Potassium  ferrocyanide  K^FeCy^,  white  lead  ferrocy- 
anide  Pb„FeCy,;.  Lead  easily  precipitated  by  Zinc.  Before 
blowpipe  on  charcoal,  bluish  lustrous  bead,  malleable  :  incrusta- 
tion of  yellow  oxide.  Pb  is  estimated  as  PbSO^  with  68.32  per 
cent,  of  metal.  Lead  must  be  sought  for  in  Grouja  II.,  as  lead 
chloride  is  soluble  in  much  water. 

[2.  Thallium  oxide  TLO,  in  hydrated  pale-yellow  prisms,  very 
soluble  in  water,  and  with  alkaline  reaction  TIOH.  HCl 
yellowish-white  TlCl,  little  soluble  in  HCl.  H,_,S  scarcely  a 
reaction,  but  NH^HS  brown-black  sulphide  TIS.  Na^.COj,  white 
precipitate  in  concentrated  solutions.  H„SO.,  no  reaction. 
KoCrO^  pale-yellow  precipitate  TUCrO^.  KI  reddish-yellow  Til. 
PtCl^  little  soluble  2TICI,  PtCl.,. '  Metallic  zinc  precipitates  Tl. 
Salts  give  green  culor  to  flame.    Pieduced  ui3on  charcoal.] 

3.  Mercurous  oxide  HgoO,  black.  (Ciiief  salt  nitrate; 
strongly  acid.  Micrcurous  chloride  or  calomel  is  insoluble  in 
water,  sublimes  when  heated,  blackened  by  NH3  forming 
NH„Hg._,Cl,  and  soluble  as  mercuric  chloride  in  aqua  regia.) 
,  HCl  whitish  HgjClj,  insoluble  in  water,  and  into  black  NHjHg^Cl 
byNHj,-  easily  oxydized  by  HNO3  into  HgClj  and  Hg"2N03, 
witli  evolution  of  nitrous  fumes.  H2S  black  Hg„S,  soluble  in 
aqua  regia  as  mercuric  chloride,  (and  then  precipitated  yellow, 
orange,  black,  by  H.^S.)  Na.,C03  black  precipitate  of  HgoO. 
KOH  black  Hg,0.  NH3  black  Hg^O.  K,Cr,0,  brick-dust  colored 

aluminum  and  zinc  hydroxides  from  solutions  in  alkiilies ;  .sulphur  from  the 
higher  sulphides  of  all<alies  and  alkaline  earths;  sulphur  wiih  evolution  of 
sulphur diu.Nide  from  hyposulphites;  uricacid,  hippurit  acid,  benzoic  acid,  an<l 
gallic  acids  from  alkaline  salts.  HCl  will  immediately  remove  CO2  from  car- 
bonates; HNO2  from  ultrites;  HUN  from  cyanides,  &c.,  &c. 
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HgjCrO^.  KI  yeUow-green  Hg^I,.  K^FeCy^  white  mercurous 
feiTOcyanide.  SnCU  first  a  precipitate  of  mercurous  cliloride 
aud  theu  of  grey  mercury.  Thus:  Hg._,C]2  +  SnCl„  =  Hg2  +  SnCl4. 
Copper,  zinc  and  iron,  preci]iitate  Hg.  Mercury  is  usually 
estimated  as  Hg.  Salts  reduced  in  tube  with  Na/JOj.  Heated 
on  platinum,  HggiNOg  frrst  wliite,  yellow,  red,  black,  and  then 
volatilized. 

4.  Argentum  oxide  Ag^O  grey-brown,  soluble  in  NH3.  (Chief 
salts:  nitrate  and  sulphate.  Neutral  to  test-paper.)  HCl 
white,  curd-like  AgCl,  insoluble  in  water,  (soluble  iu  concen- 
trated HCl,  in  solution  of  NaCl,  &c.,  but  re-precipitated  on 
addition  of  water,)  soluble  in  NH3,  and  changing  in  color  from 
white  to  violet  on  ex]30sure  to  light.  HjS  brown-black  Ag,S, 
soluble  in  boiling  HNO3.  Na„C03  white  Ag^COj,  soluble  in 
NH3  and  salts.  KOH  grey-brown  AgoO,  soluble  in  NH3  and  in 
HNO3.  NH3,  like  KOH,  but  precipitate  so  soluble,  that, 
in  presence  of  free  acid,  there  is  no  precipitate.  KjCtoOj 
crimson  Ag2Cr04.  KI  yellow  Agl,  insoluble  in  NHj  aud  in 
HNO3 :  iodide  thus  distinguished  from  a  chloride.  Potassium 
CYANIDE  KCN  white,  curd-like  AgCN,  soluble  in  excess  of 
precipitant.  Cu,  Fe,  Hg,  Zn,  precipitate  Ag.  On  charcoal, 
with  NagCOj,  or  alone,  reduced  to  white,  lustrous  bead,  without 
incrustation :  malleable.  Silver  is  weighed  as  chloride,  con- 
taining 75  .26  per  cent,  of  silver,  or  as  silver. 


Group  II.  HCl  -|-  H2S  precipitates :  A.  as  sulphides  soluble 
in  (NH4)2S2,  yellow  AS2S3  and  pale-yellow  SnS2 ;  orange  Sb2S3 ; 
brown  SnS;  black  AujSg  and  PtS,:  B.  as  sulphides,  insoluble 
in  (NH4)2S2,  yellow  CdS ;  deep-brown  Bi^Sj ;  blue-black  PbS ; 
brown-black  CuS  ;  black  HgS  and  PdS. 

N.B. — A  FERRIC  SALT  is  reduced  to  a  ferrous,  and  a  salt  of 
CHROMIC  Acru  to  one  of  chromic  oxide  by  H2S. 

A.  Sulphides  soluble  in  (NH4)2S2. 

Arsenicum  as  arsenious  anhydride  AS2O3,  or  as  a  soluble 
arsenite  (Di-potassium  hydrogen  arsenite  KjHAsOj,  the 
common  salt :  strongly  alkaline,  colorless,  no  reaction  with 
NaoCOa,  and  yellow  precipitate  with  AgNOa,  soluble  in 
HNO3  and  in  NH3).  In  aikaline  arsenites.  HCl,  in  con- 
centrated solutions,  a  white  precii^itate  of  AS2O3,  soluble  in 
excess.  HCl  +  H.,S,  bright-yellow  AsoS,,  soluble  in  NH3, 
in  (NH,)2C03  and  in  (NHJ.S^o-  CuSO,,  green  CuHAsOs, 
soluble  in  NH3.  AgNOj,  yellow  AgsAsOj,  soluble  in  NH3 
and  in  HNO3.  BaCL,  white  BaHAsOj,  soluble  in  HCl. 
In  solutions  of  arsenious  acid.    Litmus  is  reddened,  yet 
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no  visible  reaction  with  NajCOj.  CuSO.,  no  reaction  until 
NHj  carefully  added,  so  us  to  form  au  arsuuito :  then 
"Sfhcele's  Green "  CuHAsOj.  AgNO;,,  no  reaction  until 
NHj  carefully  added.  Eeinsch's  test :  Cu  and  HCl  added  to 
solution  : — a  steel-grey  deposit  of  copper  arsenide  :  the  metal 
withdrawn,  washed,  dried  in  water-bath,  heated  in  glass- 
tube  :  AsoOj  sublimes  in  octohedrn.  Marsh's  test :  Mg  or 
Zn  in  presence  of  PLSO^,  .yields  ASH3,  burning  wiih  bluish- 
white  tlame  to  HoO  and  As.,03 :  if  incompletely  burnt,  As 
is  deposited,  soluble  in  CaOCL.  Also  filter-paper  moistened 
with  AgNOj  may  be  suspended  in  tube  where  AsHj  is 
evolved  ;  Ag  is  deposited.  Avoid  HNO3,  as  solid  hydride 
mny  be  formed.  On  charcoal,  mixed  with  NaoCOj,  garlic 
odor,  and  bluish-white  flame.  Heated  in  tube  with  black 
flux  As  volatilizes  :  lAs^Ss  +  GK-.COs  -f  60  =  6K2S  -1- 
600  +  600.,  +  As,. 

Arsenicum,  as  arsenic  acid  HjAsO,.  In  solutions  of  arse- 
nates (the  alkaline  are  alone  soluble  and  colorless :  chief 
soluble  salt  Na2HAs0,,i2H20),  HCl -t- H„S  occasions  no 
immediate  precipitate  :  but  if  excess  of  H^S  be  added,  and 
about  20  drops  reduced,  by  builing,  to  three,  the  further 
addition  of  PIjS  gives  an  immediate  yellow  precipitate  of 
AS2S3  -1-  So.  AgN03  liver-brown  precipitate,  both  in  H3 AsO, 
and  in  arsenale.s,  soluble  in  NII3  and  in  HNO3 :  CuSO,,  no 
precipitate  iu  HjAsOj,  but  a  pale  greenish-blue  pr.  of 
OuHAsO,  in  alkaline  arsenates.  MgSO,,  in  presence  of 
NH3  and  a  salt  of  NH,,  a  white  crystalline  precipitate 
of  MgNH.AsO./jHjO,  isomorphous  with  MgNH4P04,bH20. 
BaClj  in  ansenutes,  a  white  precipitate  of  BaHAsO,,  soluble 
in  HCl.    For  other  tests,  see  ASjOj. 

5.  Stannic  oxide  SnOj,  brown.  Hydroxide  SnO(OH)2.  Chief 
salts  :  STANNIC  CHLORIDE  SuCl,  and  soDinji  stannate  NajSnOj, 
3H„0.  Solution  of  S11OI4,  colorless,  strongly  acid  :  etfervescos 
first  with  NaoCOj,  and  then  permanent  gelatinous  hydioxide. 
HCl  -I-  H„S  dirty  yellow  SnS^H^O,  soluble  in  (NHJoS^  and  iu 
KOH.  KOH  white  hydioxide,  soluble.  NH,OH,  white.  Zn 
precipitates  Sn.  On  charcoal  with  NajCOj,  a  globule  of  lustrous 
tin,  malleable,  and  with  white  incrustation.  Tin  is  weighed  as 
SnOj  containing  78.66  per  cent,  of  metah 

6.  Antimonous  oxide  Sb203,  white.  Hydroxide,  white. 
Chief  salts:  Antijionods  chloride  SbOl3  strongly  acid,  and 
TARTAR  EMETIC  2(KSbOO^H40„)H20  faintly  acid.  On  addition 
of  NaoCOj  to  SbOlj,  a  white  precipitate  of  hydroxide,  with 
effervescence:  with  tartar  emetic  scarcely  any  till  warmed. 
Water  alone  precipitates  SbClj,  as  SbOCl  -|-  2HCI,  soluble  in 
TARTARIC  ACID  C2H,(OH)2(COOH)2,  and  precipitated  as  orange 
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sulphide  by  H.,S.  HCl  in  sols,  of  tartar  emetic  a  wliite  prec. 
soluble  in  excels.  HCl  +  H„S  orange  Sb2S3,  soluble  in 
(NH,).,S2,  in  KOH  and  in  HCL  KOH  white  Sb^Oj,  soluble. 
NH.,OH,  white  Sb203:  only  by  heat  in  tartar  emetic.  Eeinsch's 
TEST :  Cu  covered  with  violet-grey  deposit  of  Sb :  by  strong 
heat  in  tube,  Sb^Oj  volatilized  in  needles.  Or,  the  deposit  heated 
with  KOII,  exposing  the  metal  freely  to  the  air,  gradually 
oxydized  and  dissolved  :  then  diluting,  passing  H2S,  filtering 
from  CuS  and  adding  H2S,  when  orange  SbjSj  thrown  down. 
Marsh's  test  :  Sb  soluble  in  (NHj)2S2,  ami  separatinir,  on 
evaporation,  as  SbjSj.  Or,  SbHj  from  Marsh's  test,  against 
paper  soaked  in  AgNOj,  yields  black  SbAgj.  Zn  in  presence  of 
HCl  precipitates  Sb  in  platinum-dish  as  black  powder  on  tiie 
Pt.  Sn  precijiitates  Sb.  811283  is  separated  from  ASjSj  by 
(NHJ2CU3.  Antimony  is  weighed  as  Sb204,  containing  79.22 
per  cent,  of  metal.  Separated  from  Pb,  Cu,  Bi,  Ag  and  Fe 
by  K2S2,  in  which  Sb2S3  is  soluble. 

7.  Stannous  oxide  SnO  black;  hydroxide  2SnO,H20  white. 
Chief  salt  stannous  chloride  SnCl2,2H20,  colorless,  strongly 
acid,  effervesces  with  NaoCOg  which  throws  down  the  hydroxide. 
Solution,  when  not  too  much  free  acid,  decomposed  by  water  into 
white  OXYCHLOKIDE  SnO,SnCl2,2H20.  HCl+HjS,  light  brown 
hydrated  sulphide  SnSiHoO,  soluble  by  heat  as  stannic  sulphide 
SnS2  in  (NH4)2S2  and  re-precipitated  as  yellow  SnSj  on  addition 
of  HCl.  Stannous  sulphide  is  soluble  in  boiling  HCl.  KOH 
white  hydroxide,  soluble  in  excess.  Boiled  with  insutScient 
potassium  hydroxide  to  dissolve  2SnO,H20,  black  crystalline 
needles  of  SnO  obtained.  NH4OH,  white  hydroxide.  HgCL,, 
fii'st  precipitates  wldte  Hg^Cls,  and,  in  excess,  grev  metallic  mer- 
cm-y:  SnCl2-f- 2l-IgCl2  =  Sn01,-fHg2Cl2.  Then^'SnCU-f  Hg.Cl,  = 
SnCl4-f  Hg,.  Auric  chloride  AuClj  in  presence  of  a  little  SnCl4 
as  well  as  SnOlj,  produces  Purple  of  Cassius.  On  charcoal, 
■with  NajCOg,  a  white  lustious  bead  of  tin,  with  incrustation 
of  SnO.j.  Tin  is  weighed  as  Sn02,  containing  78.66  percent, 
of  metal.  When  tin  and  antimony  together,  their  chlorides 
decomposed  by  Zinc,  the  two  metals  washed,  dried  and  weighed, 
re-dissolved  in  weak  aqua  regia,  and  the  antimony  removed  by 
metallic  tin. 

[8.  Auric  oxide  AU2O3,  brown ;  hydroxide  AU2H6O8,  is  yellow. 
Chief  salt  auric  chloride  AuC!3,  dark-red,  deliquescent,  or 
yellow-red.  Strongly  acid  to  test-paper :  colored.  HCl  -|-  HjS, 
black  Au2S,Au2S3,  soluble  in  (NH4)2S2.  KOH  yellow-brown 
AURATE  KAu02,3H20,  soluble.  NH4OH,  olive-brown,  fulmi- 
nating nitride.  SnCL,  containing  a  little  SnCl4,  yields  Purple 
of  Cassius  SnAu2Sn206,4H20.  Metallic  tin  gives  similar  pre- 
cipitate. Oxalic  acid  reiluces  AujClj  to  metallic  gold  :  2AuCl3-}- 
3H2C204  =  6HC1-1- 6CO2-I-  2Au,  as  a  brown  powder,  malleable, 
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lustrous,  gokleu  when  flattened  in  mortiir.  FeSO.,,  also  reduces 
Auric  cliloride  :  6FeS04+  2AUCI3  =  Vc.XJ\^  +  2(Fe„3SO.|)  +  2Au. 
Hg.j:N03  also  precipitates  gold.    Gold  is  weighed  as  gold.] 

[y.  Platinic  oxide  PtO.,,  blackish-brown ;  uydkoxiue  reddish- 
browu.  Chief  salt :  Platinic  chloride  PtCl^,  reddish-brown  or 
reddish-yellow,  acid  to  test-paper.  HCl  +  H„S,  brown  PtS^,  im- 
mediately ou  heating,  onlv  soluble  iu  aqua  regia,  anil  in  large 
excess  of  (NHJ.,S„.  NH.Cl  and  KCl  (0*01  and  RbCl)  pioduce 
r.  spcetively  yellow  precipitates  of  2NHjC],PtClj  and  2KCl,PtCl< 
(:(JsCl,PtL;l4  and  2KbCl,Pt01,).  I5y  thesu  reactions,  Pt  easily 
recuguized.  When  heated,  Pt  remains  as  an  infusible  grey 
powder,  dattened  under  pestle  iu  mortar  into  lustrous  metal. 
SnCL,  reduces  PtCl4  to  dark-brown  PtCl.,.  Ou  charcoal,  reduced 
to  grey  powder,  soluble  with  reddish-brown  color  in  aqua  regia. 
Platinum  is  weighed  either  as  metal;  as  2KCl,PtClj,  containing 
40. 56  per  cent.,  or  as  2NH^Cl,PtCl^  containing  44.18  jicr  cent. 
ofPt.] 

Group  II.  B.  continued.  HC1  +  H._S  precipitates  Cadmium  sul- 
phide CdS,  yellow;  Bismuth  sulphide  BioSj,  deep-brown;  Lead 
sulphide  PbS,  blue-black;  Cupric  sulphide  CuS,  Mercuric  sul- 
phide HgS,  and  Palladium  sulphide  PdS,  black.  Also  a  deposit 
of  Sulphur  (yellow  or  white)  from  ferric  salts  whicli  are  yellow, 
yellow-red  or  red-brown,  and  from  salts  of  chromic  acid  which 
are  yellow  or  yellow-red. — The  sulphides  are  insoluble  in  am- 
monium disulphide  or  sulphide.    Cd.  Bi.  Pb.  Cu.  Hg.  Pd. 

10.  Cadmium  oxide  CdO,  brown.  IIydeoxide  Cd  (OH),  white, 
soluble  in  NH4OH.  Soluble  salts  colorless,  faintly  or  distinctly 
acid  to  test-paper.  Chief  salts  :  Od2N03.  CdSO^,  4H2O.  CdClj, 
2H.,0.  Ctll^.  CdBr...  Na.,C03,  white  CdCOj.  HC1+H„S  Lght 
yellow  CdS,  soluble 'in  HNO3  and  hot  dilute  H,S04.2H20. 
KOH,  white  Cd(OH)..  NH.OH  white  Cd(0H)2,  so'soluble  in 
excess,  that  no  prec.  if  free  acid  present.  (NHJ2CO3  white 
CdCO^,  soluble  in  KCN.  K,FeCy^,  yellowish-white  Cd.^FeCyg. 
KgFcdy  yellow-brown.  On  charcoal,  iu  reducing  flame,  "brown- 
ish incrustation  of  CdO.  Cadmium  is  weighed  as  CdO  contain - 
iug  87.5  per  cent,  of  nretal. 

11.  Bismuth  oxide  Bi203,  yellow,  fusible  at  red-lieat.  Hydrox- 
ide, white.  Chief  soluble  salts  :  BijN03,5Hi0 ;  BiCl3;  colorless, 
strongly  acid.  Water  alone  decomposes  them,  respectively,  into 
Bi203,Bi3N03,3H20  and  BiOCl,  and  the  precipitate  is  in- 
creased by  taitaric  acid.  NaoCOj  with  eflervescence,  white  basic 
carbonate.  HCl  -|-  H:2S  dark  brown  BioS,,  soluble  in  HNO3.KOH 
and  NH^OH  white  hydroxide.  K,Cr20„  an  orange  precipitate  of 
Bi„jCr0,  soluble  iu  HNO3.  £2^03  a  black  precipitate.  On 
charcoal  with  Na2C03,  in  reducing  flame,  gives  beads  of 
biittlc  reddish-white  bismuth,  with  slight  yellow  incrustation. 
Bismuth  is  weighed  as  BioOj,  containing  t;<j.74  per  cent,  of 
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metal.    N.B.  To  metala  precipitated  by  cMorides  should  be 
added  Bi,  in  solutions  of  nitrate. 

Lead  oxide  PbO.  Lead  sulphide  PbS,  blue-black,  soluble  in 
bot  HNO5.  Already  given  at  p.  r,  under  heading  of  precipi- 
tates by  HCl.  But,  in  dilute  solutions  HCl  occasions  no  preci- 
pitate, "as  PbCl,  is  soluble  in  much  water.  Indeed  the  solubility 
of  PbCL  in.  water,  renders  it  separable  from  insoluble  H-'.-CL 
and  Ag'Cl.  Both  PbCU  and  AuCl  are  soluble  in  HCl,  but 
water  precipitates  AgCl  a'gain,  soluble  in  NH3.  If  lead  should 
be  found  in  Group  II.  B,  excess  of  dilute  sulphuric  acid  will  at 
once  distinguish  it  from  all  tiie  other  metals  of  Groups  I.  and 
II.  Further  tests:  KI  and  KjCroO, ;  lead  chrom.ate  soluble  in 
KOH.  Lead  is  weighed  as  lead 'sulphate  PbS04,  containing 
68.32  per  cent,  of  metal. 

12.  Cupric  oxide  CuO,  black;  hydroxide  Cu(0H)2,  light-blue. 
Salts  are  colored,  green  or  blue.    Chief  soluble  salts  :  CuSO^, 
','3.20 ;   CuCl2,2H.O  ;   Cu2N03,CH.,0.     Acid   reaction,  Va.^CO^, 
blue  Cu(0H)2,CuC03  sol.  with  deep  blue  color  in  NH3,  and  to 
colorless  solution  in  potassium  cyanide.    HCl  changes  blue  sol. 
of  CUSO4  to  green.  HCl  +  H2S  brown-black  prec.  sligh  thj  soluble 
both  in  (NHJ2S2,  and  even  in  H^S.   When  large  excess  of 
mineral  acid  present,  no  prec.  by  H,S  until  water  added.  KOH 
blue  precipitate  Cu(0H)2 ;  into  black  CuO  when  boiled.  Glucose 
first  added,  and  then  KOH  in  excess,  reduces  Cu  on  heating  to 
red  cuprous  oxide  Cu^O.    NH.OH,  first  a  greenish-blue  precipi- 
tate of  basic  salt ;  on  excess,  deep  blue  solution  of  CuS04,4NH3, 
H2O.    KCNS,  together  with  K2SO3  precipitates  white  cupric 
sulphocyanide.     K^Cfy,    red-brown    Cu2Cfy,    or  coloration. 
KjHAsOa,  green  CuHAsOg.    Iron  deposits  Cu,  especially  in  pre- 
sence of  free  acid.    On  charcoal,  with  Na2C03,  in  inner  flame, 
a  bead  of  copper  is  obtained.    Salts  of  copper,  in  inner  flame, 
give  emerald-green  color :  the  chloride,  azure-blue.  Borax-bead, 
green  whilst  liot,  blue  when  cold.  Copper  is  estimated  as  cupric 
oxide,  which  contains  79.85  percent,  of  metal.    By  means  of 
(NHj^COs  in  excess,  it  is  separated  from  Bi  aud  Cd. 

13.  Mercuric  oxide  HgO;  red  or  yellow-red,— black  when 
heated,  and  volatilizing  as  Hg -f  0.  Soluble  salts  colorless. 
HgiNOg,  very  acid.  HgCL,  the  chloride,  or  "corrosive  sublim- 
ate," faintly  acid.  Na2C0'3,  heavy  red-brown  2HgO,HgC03:  no 
precipitate  in  mercuric  cyanide.  HCl  separates  HCN.  HCl  + 
H  S  the  hitter  slowly  added,  detects  Hg  by  formation  of  first 
white  chloro-sulphide,  ^HgS.HgCU,  then  orange,  black  HgS, 
soluble  in  aqua  regia.  KOH,  yeUow  HgO.  NH,  m  Hg2N03, 
yellow  HgO;  but  in  HgCL,  or  in  presence  of  NH^Cl,  white 
mercuric  chloro-amide  NH.HgCl.  KI  scarlet  Hgl2,  soluble  in 
excess.  SnCl2  first  HgjC^  and  then  Hg^  in  grey  globules^ 
With  metallic  copper,  Hg  separated  as  silvery  mirror,  volatilized 
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by  heat.  Heated  with  Na^CO,  in  glass  tube,  Hg  volatilizes. 
Mercury  may  bo  weighed  as  mercury,  as  mercurous  chloride, 
Hg._>CU.  containing  84.92  per  cent,  of  Hg,  and  as  sulphide  HgS 
containing  86.21  per  cent,  of  metal. 

1 4.  Paliadious  oxide  PdO,  black.  Hydroxide  Pd(OH)j,  dark- 
brown,  by  Na,C03  from  its  salts.  Salts  mostly  soluble.  PdCl2, 
brown  or  reddish-brown:  decomposed  by  heat.  HCl-f-HjS,  black 
PdS,  soluble  in  hot  HCl.  KOH,  brown  basic  salt,  soluble.  NH3 
flesh-colored  precipitate,  soluble.  KI  black  Pdlj  soluble. 
Mercdric  cyanide  HgC'yo,  yellowish-white  PdCy,  soluble  in 
NHjOH  :  thus  may  Pd  be  separated  from  all  the  metals  except 
lead  and  cuprum.  On  charcoal,  with  Na.jCOj  the  salts  yield 
spongy  Pd.    Palladium  is  estimated  as  metal. 

15.  Ferric  oxide  FcoOj,  red-brown.  Hydroxide  Fe2(OH)5 
bulky  reddish-brown.  Salts  acid,  yellow  or  yellow-red  or  red- 
brown.  Na.,C03  with  efftrvescence,  hydroxide  with  carbonate. 
HCl  deepens  the  color.  HCl+HjS  reduces  ferric  to  ferrous  salts, 
but  sulphur  of  white  or  yellow  color  is  alone  precipitated.  Thus  : 
Fe^Cl,  +  wHCl  +  HjS^  2FeCl2  +  2HCI  +  nRCl  +  S.  If  then 
a  whitish  or  yellowish  precipitate,  add  NH^OH  to  one  portion, 
and  this  with  the  H.^S  present  will  form  NH^HS  and  throw 
down  black  FeS,H20;  to  the  other  portion,  add  potassium 
ferridcyanide  :  TurnbuU's  blue  will  result.  Look  for  Ferric  in 
Group  III. 

N.B.  If  HCl  +  HoS  gives  no  reaction,  add  NH^OH :  there  is 
no  precipitate, — pass  on  to  Group  V. 

Chromic  acid  CrOj,  crimson,  or  red  yellow,  or  yeUow,  when 
dilute.  Deliquescent.|  Eeddens  litmus.  Etfervescence  without 
precipitation,  on  addition  of  Na2C03,  and  color  bright  yellow. 
Chromates  of  alkalies  soluble :  acid  salts  turned  to  bright 
yellow  chromates  by  Na^CO^.  HCl  +  H^S  precipitates  Sulphur 
from  chromic  acid,  and  changes  tiie  aeid  into  a  salt  of  chromic 
oxide  with  bluish-green  color.  (See  chromic  acid.)  Solutions 
of  Ferric  chloride  or  acidulated  potassium  dichromate  are  excel- 
lent tests  of  the  quality  of  solutions  of  hydrogen  sulphide. 


Group  in.  Metals  (not  precipitated  by  Hydrogen  chloride,  nor 
by  hydrogen  sulphide  in  acid  solutions)  precipitated  in  neutral 
solutions  containing  much  ammonium  chloride  by  ammonic 
hydrate  in  excess,  as  hydroxides.  15.  Ferric  oxide  Fe„0  . 
16.  Manganic  oxide  Mn203.  17.  Aluminum  oxide  Al.,b!. 
1 8.  Chromic  oxide  Gr203.    [Glucinum  oxide  GO.] 

15  bis.  Ferric  oxide*  FojOj ;  red-brown.  Hydroxide  Fe..(OH)^, 
red-brown.  Salts  red-brown  or  yellow,  very  iidense.  '  Chie'^f 
salts  :  Ferric  chloride  Fe^Cl^.  Ferric  sulphate  Fe23SO.,9H„0. 
Ferric  nitrate  Fej6N 03,12 H^O.    Acid  reaction.   Colored  solu- 
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tions.     NaoCOj,  red  ferric   hydroxide   and  basic  carbonate; 
soluble  in  NaHCOj  to  red  solution.    HCl  increases  tlie  reddish- 
yellow  tinp;e.  HCl  +  H,S  reduces  to  Furrous  salt  and  precipitates 
yellow  sulphur.     Tims  :  Fe.Cl,  +  ?<HCl  -|-  H„S  =  iFeClo  m 
solution -f2HCl  +  nHCl  +  S.    NH,C1  +  NH,0H,  red-brown  ternc 
hydroxide  Fe.,(OH)„.    (NH,),S„  black  Fe.y3.3H,,0.    KOH,  red- 
brown  hydroxide.  NH^OH,  preciiiitates  also  hydroxide.  K.Fcy, 
preeiiiitatcs  prussian  blue  Fe^FcjCyig,!  BH^O.     KCNS,  gives 
blood-red  sohition.    Tincture  of  galls  produces  blue-black  ink. 
On  charcoal,  a  dull-black  powder  attracted  by  magnet.  Borax 
gives  a  bead  varying  in  color  from  yellow  lo  dark-red.    Iron  is 
weighed  as  FeoOj  containing  70  per  cent,  of  metal. 

[16.  Manganic  oxide  Mn.Oj,  blackish-brown.    Salts  deep-red 
and  decompoted  by  heat  into  salts  of  MnO.] 

17.  Aluminum  oxide  ALOj,  white;   hydroxitie  AL[(Jii  >e 
white,  gelatinous,  soluble  in  KOH  (in  which  ferric  oxide  is  m- 
.soluble).    Soluble  salts  colorless,  and  acid  to  test-paper  (except 
in  alumiiiates  which  are  strongly  alkaline,  and  precipitated  at 
first  by  HCl).    Chief  salts  :  Potassium,  Sodium  and  Ammo- 
nium ALVMS.     E.g.  K2AU4SO,24H,0.     ALrMiNUM  sulphate 
Al23S04,i8H20  :  from  its   solution,  K^SO^  precipitates  alim. 
Na.,C03,  white  gehitinous  precipitate  of  Al(OH),.     HCl  +  H^S 
no  reaction.    NH.Cl  -1-  NH3  white  gelatinous  hydroxi.le.  KOH 
white  A1„(0H)„,  soluble  in  excess.    Na.,HPO,  white  aluminum 
ijhosphate,  not  soluble  in  acetic  acid  even  wh^n  heated 
(NH  ).,S„  white  A1,(0H),  soluble  in  KOH.    On  charcoal  heated 
stronglv,  and  moistened  with  C02NO3  and  re-heated  yields 
Thenard's  blue.    Aluminum  is  weighed  as  alumina  ALOj,  con- 
tainino'  5  5  39  per  cent,  of  metal. 

18  Chromic  oxide  Cr„03,  green.  Hydroxide  Ci-./OH),,  blue- 
green,  soluble  in  KOH  to  green  solution.  Salts  have  a  violet 
or  ereen  color.  Soluble  salts  redden  litmus.  Chief  salt  : 
.  HROME  ALUMK.Cr,^S0,24H..0.  Na,C03,  bluish  grey-green  basic 
carbonate,  somewhat  soluble.  HCl  +  H.,S  no  reaction.  NH,C  + 
NH3  bluish-green  Cr„(OH),  soluble  with  peach-blossom  tint  m 
very  large  excess.  (NH,),S,  bluish-green  Cr,(OH)e.  so  ub  e 
^vith  green  color  in  K(JH.  KOH  blue-green  Cr,(OH),  soluble 
with  emerald-green  color,  and  again  separalDle  on  boiling  it 
PbO.,  boiled  with  solution  of  Cr.aiH),  m  KOH  yellow  PbCrO 
is  obtained,  which  can  be  precipitated  by  neutrahznig  with  acetic 
ucid  Fused  with  Na,C03  and KN(  yellow  chr. .mate  is  obtained. 
The"  borax-bead  is  colored  green;  so  is  also  microcosmic  salt 
Chromium  is  weighed  as  Cr.O,,  containing  68.63  per  cent,  oi 

'"fri:  Glucinum  or  Beryllium  oxide  GO  white:  HV^^f oxide 
GrOH)  flocculent,  soluble  ia  KOH.  and  re-precipitated  on 
boiiin>  Displaces  NH,  slowly  from  its  salts,  and  dissolves  in 
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NfI,Cl  as  chloride.  Salts  alknlino  to  tost-piipcr.  Na,,CO,  ^\  h\to 
GCO3,  consulerablv  soluMo.  N1I,,01  +  (N  HJoCO;,  no  prcdpi- 
tiite.  KOH  wliite  hydroxide;  soluble,  but  re-|irecipitaled  by 
NH^Cl.  (NH^y.S.,  white  tloceulent  hydroxide.  Oxalic  acid  and 
oxalates  uo  precipitate.    (NHJoCOj,  white,  soluble  in  excess.] 

Grciip  IV.  Metals  (not  preci|,itated  by  IICl  as  are  Pb,Hg2  and 
Ag  in  (iroup  I.,  nor  by  HOI  +  H,,S  as  arc  As,  Sb,  Sn,  Sn.,,Au,  Pt, 
Cd,  Bi,  Hg,  Cii,  Pd  in  Group  II.,  nor  by  (NH  ,)._,.S._.,  not  as  sulphides, 
but  as  hydroxides,  as  are  Mn,,,  Fe^,  Cr.,,  Al,„  G)  precipitated  by 
(NH|)oS.,"m  presence  of  ammonium  chloride,  as  sulphides.  In- 
chides'zmc,  mauganons,  ferrous,  cobaltous,  nickul  [nranons  and 
uranic].  Zinc  sulphide  ZnS.H^O  white.  Manganous  sulphide 
MnS,H.,0,  tlesh-colored.  Ferrous  sulphide  FeS,H,,0,  black. 
Cobaltous  sulphide  CoS,H.,0,  black.  Nickel  sulphide  NiS.H^O 
black.  [Uranous  sulphide  "US,  black,  ami  Uranic  sulphide  UoSj 
yellowish-brown.] 

2c.  Zinc  oxide  ZnO,  white.  Hydroxide  Zn(0H)„,  white  and 
soluble  in  KOH.  Soluble  salts  colorless.  Chief  salts;  ZnSO„ 
7H„0  ;  ZnCL;  acid  to  test-paper.  Na.COj  iraiuediate  white 
ZnOOj.  HOI  +  H,S  no  reaction.  NH4CI  +  NH3  no  reaction, 
unltss  NH^Ol  in  too  small  quantity,  then  white  gelatinous 
hydroxide  soluble  in  excess.  NH,iCl  +  (NH.,)„So,  white  ZnS, 
H,0  soluble  in  HCl.  KOH,  white  hydroxide,  soluble.  NH.OH, 
white  hydroxide,  soluble ;  no  precipitate  iu  presence  of  free 
acids  or  ammoniacal  salts.  (NH  JoCOj,  wliite  carbonate,  soluble. 
K,Fcy,  white,  gelatinous,  Zn.Cfy.  KoFcdy  brownish-yellow. 
^\'itll  Na.^C03  in  reducing  flame,  the  charcoal  incrusted  with 
yellow  ZnO  whilst  hot,  white  on  cooling.  ZnO  or  salts  strongly 
heated,  and  then  moistened  with  C02NO3,  on  reheating  green 
(Rinman's  green).  Zinc  is  weighed  as  ZnO,  containing  80.24 
per  cent,  of  zinc. 

21.  Manganous  oxide,  MnO,  light-green;  hydroxide  white, 
browuhig  on  exposure  to  air.  Soluble  salts  colorless,  or  pale 
pink.  Neutral  or  faiutly  acid.  Chief  soluble  salts;  KnSO^, 
7H0O  and  MnCUjjHjO.  Na^COj,  white  precipitate  of  MnC03, 
H2O.  HCl  +  H,S  no  reaction.  NH^Cl  +  MH.,OH  no  pre- 
cipitate, but  the  solution  browns  on  exposure  to  air  from  forma- 
tion of  MnO.Mn.Oj.  NH.Cl  +  (NhJ,S,,  flesh-colored  precipi- 
tate of  MnSjHjO  browning  on  exposure,  and  soluble  in  HCl  or 
HNO3.  KOH,  white  MnCH^O  browning.  NH.,OH,  hydroxide, 
soluble  in  large  excess,  but  ensily  in  presence  of  ammoniacal 
salts.  (NH.,)2C03,  white  MnCOjjHjO  soluble  in  ammoniacal 
salts.  K,|Fcy,  reddish  white  Mn.^Fey.  K^Fcdy,  brown  ,Mn3Fcdy. 
On  charcoal,  or  platinum  with  Na^COj,  iu  the  outer  Hame,  green 
manganate.  Borax-bead  becomes  amethystine  on  cooling,  when 
heated  in  outer  flame  with  manganese  compounds.  Micro- 
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oosmio  salt,  similar  result.  Mn  is  weighed  as  Mn304,  contain- 
ing 72  per  cent,  of  manganesiuna. 

22.  Ferrous  oxide  FeO,  black.  Hydroxide  Fe(OH),^  white, 
changing  when  moist  into  blue-green,  and  tinally  red.  Salts 
more  or  les.s  sea-green.  Faiutly  acid.  Cliitf  .•^alt:  Ferrous 
sulphate  FeS04,7H._A  NaoCOj,  whitish  precipitate  of  FeCOj, 
when  free  from  ferric  salt :  then  more  or  less  tinted.  HCl 
changes  color  to  yellow.  I-1C1+H„S  no  reaction,  except  a 
ferric  salt  present.  NH^Cl  +  NH^OH  no  precipitate,  hut  on 
exposure  Ferrous-ferric  liydrate  of  more  or  less  red  color  begins 
to  separate.  NH.Cl  +  (NH.XSj  black  FeSjH.O,  soluble  in  HCl 
or  HNO3.  KOH  whitish  hydroxide,  immediately  changing  to 
blue  or  bluish-green,  and  slowly,  on  the  surface  to  red.  NH^OH, 
whitish  hydroxide,  rapidly  becoming  bluish-green  from  absorp- 
tion of  oxygen,  largely  soluble  in  excess  and  not  precipitate  in 
presence  of  anniioniacal  salts.  K^Cfy  bluish-white  KjFeXfyj, 
rapidly  blueing.  If  ferric  salt  present,  more  or  less  blue. 
K^Fcdy,  Turnbull's  blue.  KCNS  no  change,  except  ferric  salt 
present.  Charcoal  test  &c.,  see  15.  Ferric  oxide.  Iron  is  weighed 
as  FejOj,  containing  70  per  cent,  of  I'errum.  N.B.  A  ferrous 
salt  is  changed  by  HNO3  or  by  aqua  regia  into  a  ferric  salt, 
alter  which  it  is  discovered  and  removed  under  Group  III.  by 
NH.Cl  -t-  NH4OH. 

23.  CobaltouB  oxide  CoO,  grey.  Hydroxide  Co(OH)2,  dirty- 
red.  Salts  blue  or  red.  Chief  salts:  CoS04,7H„U  ;  C02NO3, 
6H2O  ;  C0CI2.6H2O.  Acid  to  test-paper.  NaoCOs,  lilac  pre- 
cipitate 5Co0.2CoC03,4H20.  HCl  may  turn  red  salt  blue. 
HCl  +  H.,S  no  reaction.  NH^Cl  -|-  NH3,  no  precipitate,  but 
reddish  -  brown  on  exposure.  NH^Cl (NHJ2S2,  as  black 
CoS,H20,  soluble  in  aqua  regia.  KOH  blue  basic  salts,  turning 
green  on  exposui-e,  owing  to  ab.vorption  of  oxygen  :  into  pale-red 
hydroxide  on  boiling.  NH^OH,  blue  basic  salt,  readily  toJuble 
in  excess,  with  greenish  color,  browning  on  exposure:  ulti- 
mately red,  (NHJ.,C03,  peach-colored  basic  carbonate,  readily 
soluble  with  magenta  color.  K^Cfy,  greenish  precipitate  of 
Co2Cfy.  KgFcdy  brownish-red  precipitate.  Addition  of  tartaric 
acid,  then  of  NH4OH,  and  K^Fcdy,  yields  a  deep  yellowisb-red 
color.  Thus  may  Co  be  detected  in  presence  of  Ni.  KNOj, 
together  with  acetic  acid,  yields  after  a  time  a  bright-yellow  pre- 
cipitate of  cobalt  sesquioxide  and  potassium  nitrite.  KCN 
brownish- white  CoCyo,  easily  soluble,  and  precipitated  by  HCl: 
not  precipitated  if  cobalticyanide  produced.  On  charcoal,  similar 
to  iron,  but  more  metallic.  Borax  bead  coloured  blue  both  in 
inner  and  outer  flame.  Microcosmic  salt,  similar  reaction. 
Cobalt  is  either  weighed  as  metal,  or  as  COjO^,  containing  73.44 
per  cent,  of  metal. 

24.  Nickel  oxide  NiO,  green.    Hydroxide  Ni(0I-I)2,  unripe 
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apple-green.  Soluble  salts  redden  litmus.  Chief  solnlile  salts  : 
N-iLl...jlI..O.  NiS()„7ll.,0.  NiiNOj/.lLO.  Green  in  color. 
Na,Cb.,  green  basic  earbonate.  HCl  +  H.,S  no  reaction. 
Nli,d  +  NH3,  plum-colored  Uquid.  NH,C1  +  (NH,).,S.,  black 
suliihide  NiS,H..O,  givin.i;  brown  coloration  to  liquid.  Keadily 
soluble  in  aqua  re^:ia.  KOH  precipitates  apple-green  liydro.xidt) 
Ni(OH).„  MI^OH,  greenish  turbidity,  soluble  to  a  plum-colored 
thud  Xo  precipitate  in  free  acids,  or  iu  presence  of  salts  of 
ammonium:  KOU  re-precipitates  NiCOH)^.  (SR,),CO,.  green 
carbonate,  readily  soluble  to  greenish-blue  lluid.  K^Cfy, 
greenish-white  Ni.Cfy.  K„Fcdy,  yellowish-brown  NijFcdy. 
KCN,  yellowish-green CoCyo,  soluble  with  brownish-yellow  color, 
and  re-precipitated  on  addition  of  acids.  On  charcoal,  reduced, 
as  is  the  ease  with  iron  and  nickel.  Borax  bead  in  outer  flame 
reddish-yellow  while  liot,  paler  on  cooling.  Nickel  is  weighed 
as  NiO,  containing  78.67  per  cent,  of  metal. 

^5  [TJranous  oxide  UO.  Hydroxide  UCOH)^,  reddish-brown. 
Salts  green.  (NH^),S2  black  US.  KOH,  blackish-brown 
hydi'oxide,  changing  to  yellow  from  formation  of  uranic  salt. 
NHjOH  acts  similarly.  Uranons  salts  absorb  O,  and  are  in- 
stantly changed  into  uranic  by  HNO3.] 

26.  "[Uranic  oxide  U„03  brick-red.  Hydroxide  U203,2H20, 
greenish-yellow.  Salts  yellow.  Na^CO;,,  yellow  granular, 
soluble,  double  carbonates.  (NH,  ^S,,  yellowish-brown  sulphide. 
NH,OH  yellow  ammonium  urauate.    K^Fcy,  brown.] 


Group  V.  Metals  (not  precipitated  by  HCl  as  are  Ag,  Pb  and 
Hg„— nor  by  HCl  +  H^S  as  are  As,  Sn,  Sn^,  Sb,  Au,  Pt,  Hg,  Bi, 
Pb,"Cd,  Cu,  Pd,— norby  NH,OH  in  presence  of  NH.Cl  as  are  Al^, 
Muo.  Fe.,,  Cr.,  and  Be,— nor  by  HoS  even  in  presence  of  NH4CI 
as  aie  Fe.  Co',  Ni,  Mn,  Zn)  which  are  precipitated  by  Na^COj  as 
carbonates,  soluble  in  free  acids  as  respective  salts.  Barium,  as 
carbonate  BaCO,,  and  Strontium  as  carbonate  SrCOj,  Calcium 
as  carbonate  CaCOj,  and  Magnesium  as  carbonate  MgCOj. 

27.  Barium  oxide  BaO,  white.  Hydroxide  BaCOH),,  white, 
and  soluble  in  water.  Its  solution  strongly  alkaline,  is  pre- 
cipitaled  white  by  the  C0„  of  the  breath  as  well  as  by  NajCOj, 
and  yields  AgjO  of  grey-brown  color,  soluble  both  in  HNO3 
and  ill  NH.,OH.  Further  BaCOH)^  is  precipitated  immediately 
by  CaSOj. — Soluble  salts  colorless.  Neutral.  Chief  salts: 
Ba2N03.  BaCl,,2H20.  HCl  no  reaction  unless  concentrated, 
and  then  of  the  salt,  soluble  in  more  water.  HCl  +  H^S  no 
reaction.  NH^Cl  +  NH^OH  no  reaction  unless  ammonia  con- 
tains carbonate.  NH.,C1  -|-  (NH4)2S.,,  no  reaction,  unless  am- 
monium sulphate  present  in  the  latter.  (NH4)„C03,  white 
BaCO,.  KOH,  white  hydroxide,  in  concentrated  solutions. 
NH4OH  no  reaction.    CaSO,,  immediate  white  precipitate  of 
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BaSO^:  all  soluble  sulphates  precipitate  BnSO^.  (NH,),0„Oj, 
white  BaC,,0,,  soluble  in  IICl.  Na,,HPO,  wliite  BaIIPO„"vory 
Srliglitly  iric"iea.se(l  by  NII.,OH.  K.^C\\0,  yellow  BaCrO,,  soluble 
in  HCJl,  unless  the  test  contains  sulpliate.  2HF,SiF^  almost 
colorless  BaFo.SibV  Soluble  salts  impart  greenish-yellow  color 
to  flame.  Insoluble  must  be  moistened  with  HCl,  and  then 
heated.  Barium  is  estimated  as  BaSO^  containing  65 .66  BaO, 
insoluble  in  dilute  acids  and  alkalies.  BaClj  is  insoluble  in 
absolute  alcohol :  SrCl„  is  soluble. 

28.  Strontium  oxide  SrO,  white.  Hydroxide  Sr(OH),,  white, 
soluble  and  alkaline.  NajCOj  white  SrCOj :  also  precipitated 
white  by  the  breath.  AgNOj,  grey-brown  Ag^O,  soluble  in 
NH3  and  in  HNO3.  Precipitated  by  CaS04  on  heating.  Soluble 
salts  (except  SrCrO.,  which  is  yellow)  neutral  or  faintly 
acid.  Chief  salts :  Sr2N03,5HoO.  SrClj/jH^O,  deliquescent. 
(NH,)„C03,  white  BaCOj.  KOH  white  SrCOH)^  soluble  iu 
boiling  water.  NH4OH  of  course  no  reaction.  CaSO^,  white 
SrSO^  on  long  standing,  or  immediate  when  heated.  Soluble 
sulphates  precipitate  SrS04.  Both  Ba  and  Sr  thus  removed 
from  solutions  containing  Ba,  Sr,  and  Ca.  (NH4)2C204  white 
SrCjOj.  Carmine  color  to  flame.  Strontium  weighed  as  SrSO^ 
containing  56.52  per  cent,  of  SrO. 

29.  Calcium  oxide  CaO,  white.  Hydroxide  Ca(0H)2,  white 
and  soluble  in  700  ports  of  cold  and  1280  parts  of  boiling 
water.  ''Lime-water."  Alkaline.  Precipitated  by  the  breath 
(CO,),  as  well  as  by  NaoCOj.  AgN03,  grey-brown  Ag„0, 
soluble  in  HNO3  and  in  NH4OH.  Chief  salts:  CaCU,6H„0, 
deliquescent.  CaS0.|,2H20  soluble  in  400  water.  Ca2Nb3, 
4H2O.  CaJClO,.  (Chloride  of  lime  2CaOCl2,  dissolves  as 
CaClj  +  Ca2C10, — therefore  two  salts,  and  not  given  at  the 
examinations.)  (NH4)2C03,  white  CaCOg.  The  test  should  l)e 
added  very  sparingly  on  account  of  the  solubility  of  calcium 
bi-carbonate,  which  would  be  precipitated  on  boiling.  CaSO^  of 
course  no  reaction,  even  on  boiling :  absence  of  barium  and 
strontium  salts.  H2SO4  in  concentrated  sols.,  white  crystalline 
CaS04,2H20;  precipitate  hastened  by  alcohol.  (NH4)oC204 
white  CaC204,  quite  insoluble  in  acetic  acid.  This  test  is 
decisive,  if  absence  of  Ba  and  Sr  proved  by  CaS04.  Soluble 
salts,  yellowish-red  color  to  flame.  Calcium  is  weighed  as 
CaCOj,  containing  56  per  cent,  of  CaO,  or  as  CaSO^  containing 
41.18  of  CaO. 

30.  Magnesium  oxide  MgO,  white.  Hydroxide  ]Mg(0H)2, 
alkaline,  requiring  5142  parts  of  ice-cold,  and  36,000  parts  of 
boiling  water.  Cliief  salts:  MgS04,7H20.  MgCl2.6H20. 
Mg2N03,6H,0.  (NH4)2C03,  after  a  few  moments,  a  constantly 
increasing  white  precipitate  of  basic  mngnesium  cnrbonate.  No 
precipitate  in  presence  of  free  acids,  or  of  salts  of  ammonium. 
NaHCOa.  a  precipitate  on  heating :  a  Mg  stilt  therefore  a  test 
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for  a  In-carbonato.  NH.OH.j  white  hydroxide,  slowly  and  in- 
coiui)letely :  in  presence  of  ammoniacal  salts  or  of  tree  aeids, 
vn  precipitate.  NaHPO^.  added  to  a  solution  containing 
NH  CI  +  NH  OH,  an  immediate  white  crvstallino  MgNH,PO|, 
(.H.,b  KOH.  NaOlI,  LOH,  Ba(OH)„,  Sr(OlI),,  and  Ca(OII)„. 
precii.itate  3Ig(0H).,.  (NH,),CoO,,  no  precipitate  at  all  (except 
in  very  coneentrated'  solutions  after  a  time).  No  color  to  flame: 
^IltO,  rose-colored  when  ignited  on  platinum  with  C02NO3. 
Magnesia  is  weiglied  as  MgO,  containing  60  per  cent,  of  Mg, 
and  as  Mg-.PjO.  containing  36.21  per  cent,  of  MgO. 

Gronp  YI.  Metals  not  precipitated  by  NaoCOj,  nor  by  any  of 
the  preceding  tests.  Inehule  kalium,  natrium,  lithium,  caesium, 
rubidium,  and  ammonium. 

31.  Ammonium  hydroxide  NH^OH  only  known  in  solution. 
Evolves  NH3  as  a  gas  of  ammoniacal  (!)  odor,  blueing  red 
litmus,  and  forming  white  fumes  of  NH^Cl  with  a  glass  rod 
steeped  in  HCl.  No  residue  on  platinum.  AgN03  grey-brown 
AgoO.  easily  soluble.  No  effervescence,  when  diluted,  on  addi- 
tion' of  HCl.  Nessler's  test,  yellow  or  brown  NHg^IjHoO.  With 
2HCI  +  PtCl^,  yellow  2NIi^01,PtCl4.  Salts :  all  soluble,  except 
2NH,CI.PtCl^  and  with  difHculty  ammonium  hydrogen  tar- 
trate. Chief  salts.  NH^Cl.  (NHJ.SO,.  NH.NOj.  NH.NO^. 
2[(NHj).,C0J  C0„.  Solutions  neutral,  allcaline  or  acid.  NaoCOj 
boiled  with  any  salt  of  ammonium,  even  when  quite  neutral  or 
acid,  evolves  ammonium  carbonate,  smells  of  NPI3,  fumes  with 
HCl  and  blues  red  litmus.  KOH,  Ca(0H)2  and  all  intermediate 
hydroxides  displace  NH3  which  is  recognized  as  above.  PtClj, 
yellow  2NH,Cl,PtCl^.  Salts  volatilized  by  heat,  with  or  with- 
out decomposition.    Fixed  acids  remain. 

32.  Potass-oxide  K^O,  grey.  Hydroxide  KOH,  white,  fusible, 
partially  volatile,  with  violet  color  to  flame.  Strongly  alkaline. 
Na5C03  no  reaction,  even  on  boiling  (absence  of  NH^  baits). 
AgNOj  grey-brown  Ag,0,  insoluble  in  excess.  Nearly  all  salts 
soluble,  except  2KCl,PtCl4  and  2KF,SiF^.  Chief  salts:  K„CO„ 
2H2O.  KHCO3.  K„SO,.  KCl.  KCIO3.  KI.  KBr.  Solu- 
tions colorless,  except  in  the  case  of  chromates  (yellow),  dichro- 
mates  (yellow-red),  ferrocyanide  (yellow),  &c.  e\cc.  Na2C03  no 
reaction,  even  on  boiling.  After  proving  absence  of  NH.,  salts  : 
HCl  +  PtCl^  yellow  2KCl,PtCl4,  nearly  insoluble  in  alcohol- 
ether.  Stirring  promotes  the  precipitation  Concentration  in 
ddute  solutions  necessLiry.  Tartaric  acid  H2C4H4O0,  in  excess, 
wdiite  crystalline  KHCiH^O^,  soluble  in  alkalies,  and  in  acids. 
2HF,SiF,  nearly  wlute  2KF,SiF4.  The  violet  tint  of  flame 
best  observed  through  Ijlue  glass. 

33.  Lithium  oxide  LjO,  white.  Hydroxide  LOH,  white, 
least  soluble  of  alkalies.    Alkaline.    Chief  salt  :  LCI,  deliques- 
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cent.  ^HCl.PtCl^  no  precipitate.  H„C.,H^O„  no  precipitate.  In 
concentrated  solutions  NujCO,  white  L.COj.-  in  dilute,  none. 
Na„HPO.„  white  L3PO4,  soluble  in  dilute  acids.  In  blowpipe 
flame,  a  purplish  red  color.] 

[34.  Rubidium  oxide  EbjO,  white.  Hydroxide  EbOH,  white, 
very  soluble,  alkaline.  Resembles  KOH,  but  more  electro- 
positive. RbCl,  very  deliquescent.  Na^COj  no  reaction.  2HCI  + 
PtCl„  very  sparingly  soluble  2RbCl,PtCl4.    Flame  violet.] 

[35.  Caesium  oxide.  OsjO  white.  Hydroxide  CsOH  white, 
deliquescent,  strongly  alkaline.  Na^COj  no  reaction.  2HCI  + 
PtCl,  yellow  2CsCl,PtCl,.    Flame  violet.] 

?6.  Sodium  oxide  Na.^:  grey.  Hydroxide  NaOH  white, 
very  deliijuesceut,  alkaline,  partially  volatile.  Yellow  color  to 
flame.  Na^COj,  of  course  no  reaction.  AgNOg,  grey-brown  Ag,0, 
soluble  in  NH^OH  and  in  HNO3.  Salts  all  soluble,  except 
NajHjSb^O;  which  is  precipitated  by  KjHgSbgOj. 


Recapitulation. 

Group  I.  HCl  gives  a  precipitate.  PbCl^.  Hg,Cl„.  AgCl. 
(TlCl).  I.  PbClj  soluble  in  boding  water.  KOH  white 
Pb(OH),,  soluble.  2.  Hg,Cl2,  insoluble,  black  by  NH3  as 
NHjHgjCl.  KOH  black  Hg.O.  5.  AgCl  insoluble,  dissolved 
in  excess  of  NH3,  and  re-precipitated  by  HNO3.  KOH,  grey- 
brown  AggO. 

Group  II.  HCl  +  H„S  a  precipitate.  Includes  As,  Sn.^,  Sn, 
Sb,  Pt,  Au,  Cd,  Bi,  Pb,  Cu,  Hg  and  Pd. 

A.  Sulphides  soluble  in  ammonium  sulphide. 

AS2S3.    SnSj.    SnS  as  SnS„.    SbjSj.    [PtS,.  Au^Sg.] 

AS2S3  is  immediately  precipitated  as  bright  yellow  AsjSj, 
soluble  in  (NHj)2C03 as  arsenite,  gives  yellow  Ag3As03  and 
green  CUHASO3.  An  arsenate,  with  difficulty  as  AS2S3  +  S„ 
soluble  in  (NHj^COs.  AgjAsO,  liver-brown.  NH.MgAsO^, 
6H2O  white,  crystalline.  5.  SnS2,H20  is  yellow,  insoluble  in 
(NH  J2CO3.  In  salts,  Na2C03  white  pr.  7.  SnS,  HjO  is  cotfee- 
brown,  soluble  by  heat  in  (NHJ2S2,  and  re-precipitated  by  HCl 
as  yellow  ISnS2.H20.  6.  SbjSj  orange-colored,  soluble  in  strong 
HCl,  insol.  in  (NHJ2CO3. 

B.  Insoluble  in  (NIIi)2S2- 
CdS.    £1283.    PbS.  CuS.   HgS.  [PdS.] 
10.  CdS  bright  light  yellow.    Hvdroxide  soluble  in  NH^OH. 
IT.  BijSj,  dark-brown.    Bi02H,  white,  insol.  in  KOH  and  in 
NH.OH.    Chromate,  orange,  insol.  in  KOH.   PbS,  blue-black. 
Pb(0H)2  sol.  in  KOH.    PbCrO^  yellow,  sol.  in  KOH.  Dilute 
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sulphuric,  iicid,  white  PbSO^.  n.  CuS  brown-black.  Salts  blue 
or  green.  NH.Oll  deep-blue  in  excess.  K,,Ofy  red-brown 
CiuOfy.  13.  HgS  black  insol.  in  IISO^:  carefully  prec.  by 
H„S,  white,  yellow,  orange,  black.  KI  scarlet.  SuClj  gives 
Hg„Glj  and  2Hg. 

Group  III.  lu  presence  of  NH^Cl,  by  NH^OH  as  hydroxides. 
Fe„(OH), :  [Mn,(OH)J  ;  AL(OH)„ ;  Cr,(OH),.  [BeO  or  GO]. 
15.  Fe,(OH),,  red-brown,  bulky,  in=ol.  in  KOH.  K.,Cty,  Prus- 
sian-blue. (NH^),S„  Fe.,S3,5H..O  black.  Ji;.  Al^COH)^,  white, 
soluble  in  KOH.  Salts  colorless.  18.  CrjCOH)^,  bluish-green, 
soluble  with  emerald-green  color  in  KOH. 

Groi'P  IV.  Even  in  presence  of  NH^Cl,  (NHJ.S.'  precipitates 
as  sulphides  ZnS,  MnS,  FeS,  CoS,  NiS,  [US.  V^S^].  20.  ZnS, 
H,0,  white,  insoluble  in  KOH.  (NHJ^COj,  while.  KOH, 
white.  NH^OH  white,  soluble  without  color.  21.  MnSiHjO, 
flesh-color,  browning,  sol.  in  acetic  acid  even.  KOH  white, 
insoluble,  browning.  NH^OH,  white,  sol.  browning.  22.  FeS, 
H„0,  black,  very  soluble  in  HCl.  K^Fcdy,  TurnbuU's  blue. 
K^Cfy  bluish-white.  25.  CoS.HjO,  black,  insoluble  in  weak 
HCl.  Solutions  pink,  red  or  blue, — on  dilution  pink.  NH4OH 
in  excess  to  reddish-brown  liquid.  Na^COg  lilac  precipitate. 
KgFcdy  brownish-red.  K^Cfy  greenish.  24.  NiS,H.,,0,  black, 
with  difiSculty  soluble  in  HOI.  Solutions  green.  NH4OH  in 
excess,  plum-colored  solution.  K^Fcdy  yelluwish-brown.  K4Cfy 
greenisii-white. 

Group  V.  Metals  precipitated  as  carbonates  by  NajCOj. 
BaCOj.    SrCO,.    CaCOj.  Mg(0H)2,MgC03. 

A.  (NH4)2C03  precipitates  Ba,  Sr  and  Ca. 
27.  BaCOj,  white.  CaS04,  immediate  pr.  of  BaSO^.  Yellow- 
green  color  to  flame.  2HF,SiF4  white  precipitate.  28.  SrC03, 
white.  CaSOj  a  precipitate  after  standing  or  on  heating. 
Crimson  color  to  flame.  29.  CaCOj  whit.e.  CaS04  no  reaction. 
(NH4)2Cj04  white,  insoluble  in  acetic  acid. 

B.  (NH4)2C03  no  precipitate,  Mg. 

30.  MgC03,  white.  NH4OH  white  Mg(OH):  no  prec.  in 
acid  solutions.  NH4C1-FNH40H  no  prec.  but  on  addition  of 
Na2HP04,  white,  crystalline  NH4MgP04,  eH^O. 

Group  VI.  Potassium  group,  including  NH4,  K,  L,  Rb,  Cs, 
and  Na. 

31.  NH4OH,  alkaline,  odorous  of  hartshorn,  blues  red  litmus 
and  fumes  with  HCl.  Salts  decomposed  by  NajCOj.  Volatile. 
PtClj,  yellow  2NH4Cl.PtCl4.  32.  K  looked  for  when  absence 
of  NH4  salt  proved.  Violet  color  to  flame.  PtCl4  yellow  2KCI, 
PtCl4.  36.  Na.  Salts :  yellow  color  to  flame.  Only  precipitated 
by  KjHjSb^O;. 
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Examination  for  acids. 

Organic  acids  and  salts,  except  oxalates,  acetates  ami  for- 
mates, blacken  on  heating.  Nearly  nil  sails  of  Group  VI.  are 
soluble  in  water.  The  nitrates,  chlorates,  sulphates,  clilorides, 
bromides,  iodides,  cyanides  and  acetates  are  mostly  soluble  in 
water.  It  is  advisable  to  moisten  a  solid  witli  to 
ascertain  at  once  the  "  suspicion  "  of  metals  belonging  to  Groups 
I.,  II.,  III.,  and  IV.  Tlie  condition  as  to  "  neutral,"  "  alkaline," 
or  "  acid"  is  of  first  importance,  and  .so  is  also  the  effect  of 
heating  on  platinum.  As  with  the  bases,  so  with  the  acids  : 
tiiere  are  certain  Group-tests,  but  tliey  are  not  so  definite. 
Students  should  carefully  notice  the  amount  of  a  precipitate, 
whether  copious,  scanty,  or  a  mere  turbidity,  so  as  not  to  mis- 
take mere  traces  for  a  substance  present  in  quantity.  Wlien  a 
solution  is  very  dilute,  it  is  advantageous  to  concentrate  by 
evaporation.  If  NajCOj  has  produced  a  precipitate,  continue 
the  addition  till  a  sliglit  excess  is  present  (alkaline  and  no 
further  precipitate),  warm,  filter,  neutralize  the  filtrate  carefully 
witli  HCl  or  HNO3  (not  forgetting  the  addition  of  these  acids)  ; 
examine  the  filtrate  for  the  acids.  The  precipitate  of  carbonate 
or  hydroxide  may  be  washed  with  distilled  water,  dissolved  in 
HCl  or  HNO3,  and  tested  for  the  metal.  Further,  in  testing  for 
organic  acids  the  solution,  if  not  neutral,  should  be  made  so  by 
careful  addition  of  dilute  ammonia,  or  of  dilute  HCl,  HNO3  or 
acetic  acid  :  excess  of  NH3  is  removed  by  boding.  Many  of  the 
heavy  metals  are  best  removed  by  H„S  in  excess,  and  filtration. 

In  the  analysis  of  simple  solutions,  which  is  alone  required  in 
the  Examinations  of  the  University  of  London,  of  the  Eoyal 
College  of  Physicians,  and  of  Apothecaries  Hall,  these  diffi- 
culties do  not  occur.  The  acids  and  salts  in  brackets  and 
unnumbered  are  not  there  required. 


A.  Salts  visiWy  or  detectably  decomposed  hy  HCl.  Includes 
carbonates,  sulphides,  sulphites,  thiosulphates,  [hydrosulphites, 
dithionates,  trithionates,  tetratiiionates,  pentathionates,  sulpho- 
carbonates]  nitrites,  chlorates,  hypochlorites,  [iodates,  bromates, 
hypobromites]  cyanides,  ferrocyanides,  ferricyanides,  sulpho- 
cyanides,  acetates,  oxalates,  silicates,  [titanates,  tungstates, 
molybdates]  borates,  chromates,  arsenites,  [sulpharsenites], 
arsenates,  [sulpliarsenates,  antimonites,  antimouates],  urates, 
hippurates,  gallates,  tannates,  benzoates  [salicylates], 

I.  Carbonates:  those  of  the  alkaline  metals  alone  soluble. 
Solutions  colorless  :  alkaline  to  test-paper.  Hydrogen-carbon- 
ates slightly  alkaline.  All  bi-carbonates  somewhat  soluble, 
lose  CO2  when  heated,  and  in  the  case  of  earthy  carbonates 
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deposit  insoluble  carbonates    HCl,  et  or  os  encc  ^ 
CO..,  xvhich  can  be  d.  canted  n.to  a  ^'^^'^^^''t;,^^ 
xvutJrund  vicldsprecipitateofCaOO;,  BaCl,  wliit.BuL  )3,Bolnl  1^ , 
1  XrVescenoe,  ii  HCl  or  HNO,.    AgN03.  -^-''^^^ 
sol.,  witl.  effervescence,  in  HNO,  =md  solub  e   u  Nll,^  Ca^^^^ 
white  L'aCO,      Pb:C..H30..  precipitates,  "  wbite-lead    i  ^'S>'^lh' 
PbCC)      13i-carbona\s,  like  NaHCO,,  only  precipitate  MgSO, 
"on  l,ea tinc^  and  give  a  dnll-red  pree.  witli  HgUL, ;  curbomdes 
a     mme  Ua  e  p.-ce.  witl.  MgSO,,  and  a  yellow  one  with  HgCl,. 
oVSng  N.!hC03,  CO  i.  given  oil,  and  tlrerefog^  so  utjon 
for  testin->-  can  only  I.e  made  iii  cold  water.    CaCOs.LU.,,  piecipi 
ated  o    boding.    Solution  of  H,C03,  turns  litmus,  "  poi■t-^v^^e- 
recV'  evolves  pearly  bubbles  on  warming,  prec.  Im.e-water  and 

'itZS^^'  Odorous  of  H,S.    Alkaline  to  fest-paper:  no 
su  I  hide  can  be  present  that  does  not    urii  red  litmus  blue^ 
Thosel  of  Groups  V.  and  VI.  alone  soluble  m  w  ater.  HCl 
Jvore  H,S  wh  eh  blackens  lead-paper:  in  poly-sulph.des  S  is 
pre  p  tated  at  same  time  as  H,S  evolved  the  latter  even  ^ali 
Effervescence,  odorous  of  putrid  eggs.    (In  testuig  for  AsH 
or  SbH3,  in  putrid  solutions,  by  paper  Jj"" 
paper  must  tirst  be  used  to  prove  absence  of  H>.)  AgN03, 
black  Ao,S.     FeSO,,  black  Fe8.     SnCl„  yellow  bnb,,2H.p, 
soJuble  in  excess  of 'the  sulphide.    Free  H  S  recognized  by 
odor  acid  to  test-paper,  no  reaction  ^vith  HCl,  no  resic  ue  on 
heat  n-    CI  prec.  S  ;  Br  and  I  water  are  decoloi  ized,  with  deposit 
S  S  and  formation  of  HCl,  HBr  and  HI.    HNO3  cleconiposes 
H„S,  and  sulphides,  with  deposit  of  S.    As  the  quality  o   H  b 
solution  is  of  great  importance  in  testing  it  should  be  added  in 
excess  to  solution  of  K.,Cr,0,  into  which  H.feO,  has  been  in- 
troduced :   it   should  become   milky  blue-green.  iK.Li^U, 
+  8H„S0,  +  6H.,S  =  2K,Cr24SO,  +  i4H„0  +  3S2. 

Ill  "Sulphites.  Sulphites  of  alkalies  alone  soluble :  tlie 
nentr.d  are  alkaline  to  test-paper,  tlie  acid  salts  are  all  somewhat 
soluble,  redden  litmus,  and  then  bleach  it.  HCl  evolves  odor 
of  burning  brimstone,  but  SO,  so  soluble,  that  eftervescence 
rare  (N  5  The  pungent  odor  of  HCl  might  be  mistaken  lor 
Sa:  in  c.ase  of  doubt? use  H.SO,.)  Add  Zn  to  HCl  solution 
H„S  evolved.  BaCl,  white  BaSO,,  sol.  in  HCl  in  absence  ot 
sulpl.ates.-a  very  rare  case.  AgN03  white  Ag,b03 ;  by  heat 
into  grev  metallic  silver,  often  with  silver  lustre.  Ag^bOj  + 
H,0  =  i-LSO,  4-  Ag,.  Ferric  salts  reduced  to  Ferrous :  te.Ci,  -f 
SO„  +  2H.,0  =  FeSO,  +  FeCh  +  4HCI.  Arsenic  acicl  reduced 
to  Arsenious  acid :  H3AsO,-f  H,S03  =  H3As03-fH.,SO^.  Solu- 
tion of  SULPHVKOUS  ACID,  H.SOa  is  odorous  of  burning  brimstone, 
reddens  and  bleaches  litmus,  bleaches  indigo  and  other  colors  ; 
decomposes  H„S,  with  deposit  of  S.    On  platinum  no  residue. 
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IV.  Thiosulphates.  Salts  of  alkalies,  of  Ca  and  Sr  soluble  ; 
alkaline  to  test-paper.  Na2S203,5H20,  the  common  salt,  HCl 
evolves  SO^,  and  in  a  few  moments  a  vellow  prec.  of  S  Tims  •— 
Na,S,03  +  2UCI  =  2NaCl  +  H,0  +  SO,  +  S.  AgNO,,  white 
Ag^boOj,  rapidly  orange  and  black :  A«:^fifi^  +  H^O  =  ILSO  + 
t^-f-  o  ^^2-^03.  black  Hg,S.  AgCl  readily  soluble  as 
NaAgS,03.  Bad,  white  BaS.O,.  Na.S^Oj.sH^O  fuses  on 
platinum,  evolves  SO,,  burning  with  yellow  flame,  with  blue 
and  red  tints  on  platinum  :  at  last  into  Na,SO,.  Thioscl- 
i^HUEic  ACID  non-existent  in  separate  state. 

[Hyposulphites,  tbe  real  hydrosulphites.  The  free  acid  is  a 
yellow  liquid,  hyposulphorous  acid  H,S0„  easily  decom- 
posing with  liberation  of  Sulphur.  Salts  white  or  colorless, 
give  immediately  black  Ag^S,  with  AgNOj.  HCl  gives  yellow 
color,  and  after  a  time  S  -|-  SO,.  They  bleach  vegetable 
colors  more  rapidly  than  other  sulphur-acids.] 

[Dithionates.  Dithionic  acid  H,S,05,  colorless  liquid,  by 
concentration  into  H,SO,  +  SO,.  HCl  into  H,S04  +  SO,.  AU 
salts  soluble.] 

[Trithionates.  Teithionic  acid  HjS.O^.  Salts  mostly 
soluble.  HCl  into  H,SO,  -|-  SO,  +  S.  AgNOg  yellow.  Hg^iNO", 
black.    Hg2N03  white.] 

[Tetrathionates.  Teteathionjc  acid  H^S.O.  :  very  unstable. 
HCl  into  H,SO,  +  SO,  +  S,.    Hg,2N03,  yellow.] 

[Pentathionates.  PeiNTathionic  acid  H2SJO6,  acid  liquid,  by 
HCl  into  H,SO^  +  H2S  28^  4-  4SO,.  Iodine  water  not  de- 
colorized.] 

[Sulphocarbonates,  analogous  to  carbonates.  Sulphocaebonic 
ACID  H2CS3.  HCl,  deep-brown  oil  H,CS3  separates.  Boiled 
with  water,  the  sulpliocarbonates  become  carbonates.] 

V.  Nitrites.  Mostly  soluble.  Nitrites  of  K,  Na  and  NH„ 
alkaline,  colorless.  HCl  evolves  nitrous  fumes  (really  NO  4-  0  = 
NO,)  of  orange  color,  HNO3  being  found  iu  solution.  AgNOs 
white  AgNO,,  black  on  heating.  FeSO^,  olive-brown  color,  and 
NO,  gas  ;  to  rich  yellow  color  on  heating.  CuSOj,  emerald-green 
solution  of  CuzNO,.  Starch-paste  and  KI,  with  acetic  acid 
even,  blue  iodide  of  starch. 

For  action  of  HCl  upon  nitrates  and  nitric  acid,  see  XXXVII. 

VI.  Chlorates.  All  soluble:  no  precipitate  with  reagents, 
except  of  the  distinctive  basyl.  HCl  evolves  euchlorine  as 
greeu-yellow  gas,  coloring  the  solution  yellow-greeu.  On  pla- 
tinum, into  chlorides  ;  then,  dissolved  in  water,  acidulated  with 
HNO3  and  AgNOs  added,  white,  curd-like  AgCL  soluble  in 
NH3  and  insoluble  in  HNO3.    Deflagrate  on  charcoal. 

VII.  Hypochlorites,  "  Bleachiiig-powder  "  2CaOCl2,  thechief 
salt:  dissolves  as  mixture  of  CaCI, -|-  Ca2C10.  Alkaline  also 
very  soluble.    Odor  of  01,;  bkach  vegetal  colors.    HCl  gives 
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either  HOCl  or  CI.  +  n..O.  Boiled,  into  chloride  and  chloi-atc. 
Pb:C.,H,0.„  white,"  and  on  warming  red  and  brovm  i  bU.,. 
MnCi.  black  JlnOcOH),.  ^        ,  , ,        ,  , 

riodates.  Acid:  HIO3.  Alkaline  salts  solnble  colorless. 
Deflatrrate  on  charcoal.  On  platinum  into  iodides  (solnb  e  m 
water!  and  scarlet  HgL  with  H<rCl,,).  HCl  brown  I,:  soluble 
in  chloroform  with  amethystine  color,  and  giving  with 
starch,  blue  iodide.  BaCl.,,  white  BazIOj,  solnble  in  HNUj. 
A^Nol,  white  AglO^,  soluble  in  NH3.     H,S03  reduces  to 

^°  rBromates.  Acid  :  HBrOj.  Colorless:  alkaline  salts  readily 
soluble  Deflagrate  on  charcoal.  On  Platinum  into  bromides 
(n  -Q)  HCl  and  heat,  orange  vapors  or  blood-red  drops  m 
test-tube,  soluble  with  orange  color  in  CHCI3,  and  forming 
orange  brumide  of  starch.    AgBrOj  white.    HgoiBrOj,  white  ] 

rHypobromites.    Acid:  HOBr.    Reactions  like  bromates,  but 
they  bleach,  and  the  soluble  salts  have  always  alkaline  re- 
actions.] ,    ,         .,,   ,.      ,    4.  i 
VIII  Cyanides.    Soluble  salts  colorless.    Alkaline  to  test- 
paper.     Odorous  of  hydrocyanic  acid  CNH.     HCl  liberates 
CNH  freely,  volatile,  precipitating  AgNOa-    Cliief  salt :  CNK, 
often  containing  K^COj,  wlien  solution  effervesces  with  HCl. 
BaCL  no  reaction  (in  absence  of  and  KCNO).  AgNOj 
white,  curd-like  AgCN,  soluble  in  boiling  HNO3,  and  m  much 
NH3    AgCN  fuses  ;  by  lieat  gives  (CN)„, burning  with  peach- 
blossom  colored  Haine.     FeSO^  red  precipitate  KCy,2FeCy2: 
add  KOH,  boil  and  then  HCl  in  e.xciss  "Prussian  blue 
Fe,Fe3Cyi„i8H„0  is  formed.    If  only  a  trace,  solution  green. 
(NHj).,S„  added"  and  evaporated  to  dryness,  leaves  a  suipho- 
cyanid'e  'which  gives  blood-red  coloration  with  FeoClg.  Free 
CNH   completely  volatile ;   acid ;    odor   as  of  peach-kernels 
bruised.    No  residue  on  platinum.    AgNOj  white  AgCN,  sol. 
in  bulling  HNO3.    A  strip  of  tittering  paper,  moistened  with 
KOH,  and  suspended  in  tube  where  CNH  escapes,  gives 
"  Prussian  blue  "  reaction  when  placed  in  solution  of  FeSO.,,  and 
HCl  added.    N.B.  In  HgC,N„  Hg  not  precipitated  by  Na^COj ; 
but  HCl  sets  CNH  free.    Heated  in  tube,  HgC^N,  gives  Hg  and 
C,N„  which  burns  with  peaeh-blossom  colored  tlame. 

"IX.  Ferrocyanides.  Chief  salt  K^FeCy^BHoO.  Slightly 
alkaline.  Yellow.  HCl,  precipitates  white  or  bluish-white 
H  FeCyg :  in  weak  solutions  no  visible  reaction,  but  probably 
blue  tint.  AgN03  white.  CuSO^.  red-brown  CujCfy.  FejCl^, 
Prussian blueFe.FesCyis, 1 8H,0.  FeSO.,  bluish-white  K^Fe^Cy,. 
Heated  on  platinum,  cyanide  formed.  Test  as  under  VIII. 
Distilled  with  dilute  sulphuric  acid,  they  yield  CNH  in  the 
distillate. 

X.  Ferricyanides.   Chief  salt  KjFejCy,j :  neutral,  brownish- 
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green  in  color.  HCl  no  visible  reaction.  AgNO,  orange,  in- 
soluble in  HNO3,  but  readily  in  KCN  and  in  NH^.  Fe^Clg, 
only  deepens  the  brown  tiw^e.  FeSO„  "Turnbull'.s  blue." 
Distilled  witli  H^SO^,  they  yield  CNII.  Both  the  insoluble 
ferrocyauides  and  ferricynnides  are  deconii^osed  by  boiling  with 
NaOH,  into  tlie  respective  oxides,  and  srduble  Na^Cfy  or 
Na.Fcdy.  By  fusion  with  KNO3,  CO.  and  N  are  evolved,  and 
the  respective  metals  obtained  as  oxides. 

XI.  Sulphocyanides.  Chief  salts  :  KCNS  and  NH.CNS. 
Slightly  alkaline.  Colorless.  HCl  no  visible  reaction.  AgNO, 
white,  soluble  in  NH3,  not  in  dilute  HNO3.  ThiCJI-^O,,  white, 
very  soluble  in  acetic  acid.  CuSO^,  black  CuCsv„ :'  in  presence 
of  FeSOi  or  H^SOj,  white  CuoCsy..  Fe^Cl,,  blood-red  Fe^Csy^ : 
color  destroyed  by  HgUlj ;  not  by  HCl.  Zu  +  H„SO^,  evolves 
HjS  and  decolorizes. 

XII.  Acetates.  Witli  HCl,  by  heat  evolve  acetic  acid  (see  D. 
P-  3  7)- 

XIII.  Oxalates  (see  C.  p.  35). 

XIV.  Silicates.  Salts  of  alkaline  metals  alone  soluble, 
colorless,  alkaline.  HCl  gelatinous  11^8104  deposited.  In 
dilute  solutions  no  visible  reaction,  as  ortiio-silicic  acid  re- 
mains dissolved  ;  on  evaporation  to  dryness,  heating,  and 
boiling  with  dilute  HCl,  SiO.  is  left  as  a  white,  amorphous, 
insoluble  substance.  NHjCl,  white  H4Si04,  with  odor  of  NHj. 
BaClj,  white.  AgN03,  white.  (A  dialysed  solution  is  gelati- 
nized by  HCl,  and  is  only  faintly  acid  to  test-paper.) 

[Titanic  acid,  which  resembles  SiOj,  is  separated  from  SiO; 
by  fusion  with  KHSO4,  and  subsequent  treatment  with  water, 
Si02  remains  undissolved.] 

|_Tungstates  of  alkalies  and  magnesia  alone  soluble.  Sols, 
colorless,  alkaline.  HCl  white  gelatinous  H0WO4,  turning 
yellow  on  boiling,  and  insoluble  in  excess  of  HCl,  of  HNO3  and 
of  H2SO4 ;  soluble  in  amnionic  hydrate.  (NH4)oS2  +  HCl  brown 
WS3.  SnCIj  yellow  ;  HCl  and  heat  blue  coloration.  BaCl„, 
•white.  AgNOj  white.  HCl  +  Zn,  blue  coloration  from  reduc- 
tion.   H,_,W04  is  lemon-colored,  insoluble  in  water.] 

[Molybdates  of  alkalies  soluble.  Colorless.  HCl  white 
M0O3,  soluble  in  excess  of  HCl,  of  HNO3  and  of  H.^SOj.  Alka- 
line salts,  yellow  color  by  H2S,  and  prec.  bmwu-black  by  acids, 
M0S3,  soluble  in  (NH4)2S2.  '  In  HCl  solution  with  Zn  or  Sn, 
blue,  green,  black.  Solution  of  molybdate  of  ammonium  dis- 
solved in  HNO3,  gives  yellow  precipitate  in  neutral  or  acid 
phosphate  s  :  a  test  for  phosphates.] 

XV.  Borates.  Boracic  acid  B(0H)3,  and  "borax"  Na^BjO^, 
loHoO,  the  commonest.  Salts  of  alkalies,  soluble,  colorless, 
alkaline,  fusible.  All  borates  somewhat  soluble ;  easily  in 
acids,  and  ammonium  salts.    HCl  in  concentrated  sols,  white, 
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(■ry^tall^lc  B(0IT)3,  nadilv  soluble  in  cxcesa  or  in  water. 
BaCl.,  white,  .solul)le  in  iieiils.  CaCl.,  wliilo,  sol.  in  aeetic  acid 
urNli.Cl.  Moistened  witli  liOl  or  1I,S0,  on  platinum,  ki'ccii 
color  to  llanio.  BCOH)^,  fuses,  gives  green  eolor  to  llanie.  iur- 
luerie  browned.  In  the  case  of  a  borate,  add  llCl,  then  turmeric 
pi.per;  on  drying,  tlie  latter  retl-browii,  and  the  red  stain  blued 
bv  SI 'da. 

"XAT  Chromates  of  alkalies  Hjluble;  yellow  or  yeliow-red. 
K.,Cr..O-  re.ldcus  litmus.  Na._,C03  with  ciibrvericenee,  acid  to 
ye'llow  iieutial  chroniate.  without  pivcipitation.  HCl,  deejieua 
the  eolor  to  red.  H..SO.,  ULodhs  of  CrOj,  crimson,  in  con- 
centrated solutions.  HCl,  heated,  evdlves  CL  and  reduces. 
HCl  +  H.,S,  to  blue-green  Cr.,CI„  wilh  deposit  of  S.  (See  H„S.) 
AgNOj,  crimson  Ai;.,CrO_|,  soluble  in  ammonia  and  in  uiiric 
acid.  "pb:C.,H30„,  yellow  PbCrO.,,  soluble  in  KOH.  BaCL 
yellow  BaCrO,.'  CaCl„  no  reaction.  BijNOj  orange-yellow 
Bi^jCrO^. 

XVII.  Arsenites  (P-  M)-  Alkaline  alone  soluble;  turn  red 
litmus  blue.  HCl  in  cone.  sols,  white  As.,03,  sol.  in  cxce.-s, 
and  precipitated  by  HoS  as  yellow  Asjs^.  CuSO,  green 
CUHASO3,  sol.  witli  blue  color  in  NH3.  AgNO,,  yellow 
AgjAsOs,  very  soluble  in  NH3  and  in  HNO3  and  in  ammo- 
niacal  salts.  (Dr.  Alfred  S.  Taylor's  method  of  distilling 
insoluble  arsenical  compounds  with  strong  HCl  is  turm  d  to 
good  account  with  Scbeele's  Green :  the  distillate  contains 
AbCls,  precipitable  as  yellow  As.^Sj  by  H„S.) 

[Sulpbarsenites.  K3ASS3,  alkaline,  yellow.  With  HCl  gives 
H,S  and  yellow  As.Sj.] 

XVIII.  Arsenates  (p.  15).  Xn„HAsOj,i2H„0,  chief  soluble 
salt.  Soluble  alkaline  or  acid;  colorless.  HCl  no  visible 
reaction.  HCl  +H.,S  no  reaction  till  evaporated  nearly  to  dry- 
ness :  tlien  H.,S  yellow  As^Sj  +  soluble  in  ]SiH,OH.  AgNOj 
liver -brown  Ag3AsO,.  CUSO4  in  arsenates,  greenish  -  blue 
CuHA^Oj :  no  pr.  in  free  acid.  BaCl,  white  BaHAsO^. 
KgoO^  with  XHjOH  in  presence  of  ammuniacal  salts,  white, 
crystalline  Nn^MgPOi/ilUO.  (Some  arsenates,  such  as  ferric 
arsenate,  give  no  distinct  mirror  with  NajCOj  and  charcoal.) 
Eemsch's  test  and  Marsh's  test  apply  to  AsjOj  and  AsoO^. 

[Sulpharseuates.  KjAsS.,,  colorless,  alkaline.  HCl  gives 
lUS  and  yellow  As^S^.] 

LAntimonites,  as  'KSbOo,  give  white  jw.  wiih  HCl  soluble  in 
excess.  HCl  +  HoS,  orange  SboS3,  soluble  in  IICl  as  SbClj. 
Thus  :  Sb„S3  +  6HC1  =  ^SbClj  +  jH^S.] 

|_Antimonaies.  KJ-I^SbjO.  with  HCl,  white  H^SbjO;.  With 
bodiuin  salts  K^H^Sb.^O;  gives  white  Na2ld2Sb20„"  the  only 
insoluble  sodium  salt.    HCl  +  H^S  oran[:e  SbjS-.J 

XIX.  Urates.     Only  alkaline  urates  soluble.  Colorless. 
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Blno  restored  to  red  litmus.  HCl,  wliite  crysttdliiie  uric  acid 
C,H,N.|03,  insoluble  in  water,  sol.  in  Ijoilitig  II^SO^.  HNO3  in 
drops,  evaporatud  to  dryness  in  ])orcelain  basin,  ^Mves  yellow- 
red  residue,  turned  purple  by  NII3  (murexid).  On  platinum, 
carbonizes  without  flame,  and  leaves  no  residue:  CNH  among 
the  products.  Urates  leave  carbonates  when  ignited.  Ammo- 
nium urate  evolves  NH3  when  heated  with  NajCOj.  Lithium 
urate,  the  most  soluble.    Acid  urates,  least. 

XX.  Hippurates.  Colorless.  Alkaline.  HCl,  white  needles 
of  hippuric  acid,  requiring  600  parts  of  cold  water  for  solu- 
tion, but  easily  soluble  in  boiling  water.  CaCl.  in  hippurates 
no  precipitate,  as  calcium  salt  is  soluble.  AgNOj,  white, 
soluble  in  NH3.  Ye„Ck  cream-colored  pr.  Hii-pukic  Acm 
CHo.NH.C.HsO.COOfI,  leaves  a  coaly  residue,  completely  con- 
sumed in  oxyriizing  flame;  evolves  CNH  among  other  products. 
Boiled  with  acids,  assimilates  HjO,  and  changed  into  glycocise 
CH.,NH.^COOH,  and  benzoic  aoid  C.HjCOOH.  Heated  with 
KOi-I  gives  off  benzene  Cfi,  and  NH3. 

XXi.  Gallates.  Colorless;  alkaline  to  test-paper.  HCl 
minute  white  crystals,  readily  soluble  in  excess  of  acid.  Te^Cl^ 
black,  disappearing  by  heat.  AgN03  white;  blackens  by  heat 
Does  not  precipitate  gelatin.  Gallic  acid  CgHoCUHisL-UUil 
soluble  in  100  of  cold,  and  5  of  boiling  water.  Acid  reaction  : 
decomposes  NaXOj  with  eff'ervescence.  Magenta  color  with 
H  SO.     Very  soluble  in  ether.    On  platinum  blackens  instantly. 

XXII.  Tannates,  alkaline  soluble.  Ba,  Sr,  and  Ca  tannates, 
sparinc'ly  soluble.  HCl  no  visible  reaction,  as  tannin  C,4H,„0g 
very  soluble  in  water.  FcCl,,  blue-black  precipitate.  Pb^C^H^O, 
white.  Gelatin,  white  tannate.  Turns  dark  brown  with  HoSO,. 
On  platinum  fuses  and  blackens.  . 

XXIII  Benzoates,  all  more  or  less  soluble.  HCl  precipitates 
Benzoic  acid  in  scales,  requiring  200  of  cold  and  25  ot  boilm- 
water  'Ee„Cl,  bulky,  flesli-colored,  ferric  benzoate,  decomposed 
by  HCl  leaving  scales  of  benzoic  acid  in  the  Jellow  Fe.U^ 
AiN03,  white,  sparingly  soluble.  Benzoic  acid  C„H,L00H 
melts  at  120° ;  its  vapors  are  very  acrid  and  irritating,  and  bum 
away  with  sooty  flame.    Is  easily  sublimed.  _ 

XXIV  Salicylates,  more  or  less  soluble.  HCl  precipitates 
salicylic  acid  in  tiny  white  needles  soluble  in  excess  r^C^e 
imparts  a  deep-violet  to  acid  and  salts,  disappearing  ytli  H^'^ 

Salicylic  acid  C«H.(0H)C00H  J^^l^.^^^^^^^Vrfin  oiiof 
water  for  solution ;  is  readily  soluble  m  alcohol  a^id  in  od  of 
vitriol.    Melts  at  155°  :  mto  CO,  '"^d  phenol  C«H  OH 

XXV.  Tartrates.  In  sols,  of  Iv.C.HA  and  of  (^^^)AH,0,, 
HCl  precipitates  white  crystalline  KHC^H^Og  and  NH,HC,H,0<; 
soluble  in  excess.    See  Group  C. 
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B.  Acids,  the  radicles  of  which  are  precipitated  by  barium 
chloride  or  barium  nitrate,  insoluble  in"hydrochloric  or  nitric 
acids.    Includes  sulphates,  selenates  and^silicofluorides. 

XXYI.  Sulphates:  all  sohilik'  exc'iil,  llnSO,,  SrSO,,  niul 
PbSO^:  CaS0„:H„O  willi  dillifully.  Neutral  or  acid  to  ti  st- 
paper.  BaCl.,  wlilto  BaSO,,  insoluble  in  HCl  and  in  HNO3. 
CaCL  white  CaSO,.:H.,0.  cxi'opt  in  CaSO.,  or  viry  weak  solu- 
tions" of  otlicr  sulphates.  Pb:C,,H30,,  white  PbSO,.  Any  in- 
soluble sulphate  on  charcoal  with  NaoCOj,  liised,  gives  a, 
sulphide  causing  a  brown-black  stain  of  AgoS.  when  moisieiied, 
on  a  clean  silver  coin.  Free  sulphuric  acid  SO.,(OH)„  or 
H.,SO^.  oily  liquid,  volatile  with  white  pungent  fumes  :  beats 
with  water.  Etlervesces  with  carbonates.  Behaves  like  any 
other  sulpliate  towards  tests.  On  evaporation,  even  quite 
dilute,  chars  filter-paper  when  heated. 

[Selenates,  resendile  sulphates.  BaCl,,  white  BaSeO.,  in- 
soluble in  HCl;  boiled,  evolves  Cl„,  and  then  HoSOj  separates 
red  Selenium.  The  original  solution,  in  blowpipe-tiame,  gives 
odor  of  horse-radish.] 

XXYII.  Silico-fluorides.  Silico-fll-oric  acid  2HF,SiF,|, 
acid.  2KF,SiF^  and  BaFo,SiF,,  with  difficulty  in  water,  in- 
soluble in  alcohol.  The  rest  soluble.  BaCl.,,  translucent  BaF.,, 
SiF^.  KCl  pr.  2KF.SiF,.  NH,OH  separates  H.SiO,,.  On 
Platinum,  volatilizes  :  into  2HF  +  SiF^,  therefore  etches  a  glass 
vessel.    Salts  heated  with  H.^S04,  corrode  glass. 


C.  Acids,  the  salts  of  which  are  precipitated  by  calcium 
chloride,  soluble  in  nitric  or  hydrochloric  acids.    In  addition 

to  I.  CAKBON.VTES,  III.  SULFUITES,  IX.  FEKKOCYANJDES,  XV. 
BORATES,    XVIII.    ARSEN.ATES,     XXVI.    SL'LPHUKIC    ACID  and 

SULPHATES,  are  the  following  : 

XIII.  Oxalates.  Many  insoluble,  but  soluble  in  HCl  or  in 
HNO3.  HCl  separates  C„0„(0Ii)2  in  solution  :  no  visible  re- 
action. BaCl,  white  BaC,,b.p  sol.  in  PICl.  CaCl,,  white  CaCoO^, 
sol.  in  HOI,  insoluble  in  acetic  acid.  AgNOj  while  Ag.>C.,Oj, 
sol.  in  HX"03  and  in  NH3.  Even  CaSO^  precipitates  oxalic  acid 
and  oxalates,  insoluble  m  CH3.COOH.  On  platinum,  into  car- 
bonates, oxides  or  metal,  without  blackening.  Oxalic  acid 
H2C.^O_|,2H„0,  very  soluble  in  water,  very  acid.  Na2C03  efler- 
vescenee.  Lime-water  (and  the  other  tests)  an  immediate  white 
pr.  of  CaC.,0.|,  by  beat  into  CaC03  without  blackening.  H^SO, 
and  heat  into  H„0,  CO,  and  CO,  kindling  with  blue  flame,  and 
without  darkening.  On  Platinum,  fuses  and  decomposes  with- 
out blackening  ;  vapors  white,  coruscating,  suffocating. 

XXV.  Tartrates.  Neutral  tartrates  of  alkalies  readilv 
soluble.  KHCiH^Oe  and  NH,HC,H,0,  with  difficulty  soluble. 
HCl  from  K„C4H40o  and   (]SrHj2C^4H40o,  white  crystalline 
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acid  salts  readily  soluble.  HCl  white  pr.  in  sols,  of  tartar 
emetic,  sol.  in  excess  and  not  precipitated  hy  water  :  H^S  dis- 
tinguishes Sh.  BaCl^  white.  CaClj  white  CaC4H,,'^„,  suluhle, 
when  washed,  in  KOH  and  in  NH,C1 ;  and  soluble  in  CHj.COOH. 
AgNOj  white,  sol.  in  HNO3  and  in  NH3,  reduced  to  sdver  by 
heat.  Heated  on  platinum,  they  carbonize,  with  smell  as  uf  burnt 
sugar  :  leave  carbonates,  oxides  or  metal.  Tartar  em(  tic  makes 
holes  in  Pt  througli  alloy-formation.  Tartaric  acid  H.^C^H^Og, 
very  acid.  NajCOj  ( Ifervcscence.  Lime-water  precipitates  it 
when  addfd  in  quantity,  sol.  in  acetic  acid.  HjSO^  heated  with 
it,  browns  at  once,  witli  little  evolution  of  CO.  Pb2C„H30.,, 
white.  On  Platinum  fuses,  colors,  carbonizes  with  flame  and 
bunit-suiiar  smell,  leaving  no  residue. 

XXVIII.  Citrates.  Not  ])reeipitated  by  CH3.COOK.  CaCl^ 
an  immediate  prec.  on  heating,  insoluble  in  KOH  when  washed, 
but  sol.  in  NH4CI.  Lime-water,  in  excess,  on  boiling,  a  slight 
white  pr.  ditappearing  on  cooling.  AgNOj  white^Ag^C^HsO;, 
sol.  in  KH3  and  HNO3,  not  blackening  on  heating.  Citric  acid 
HgC^H.Oj,  very  soluble,  and  acid.  Na.CO,,  effervescence. 
CaClj  no  prec.  even  after  addition  of  NH3.  until  heated.  HoSO^, 
and  heat,  evcdves  at  first  CO  in  quantity,  burning  with  blue 
flame,  and  only  darkening  at  last.  Pb2C„H36j,  white  PbjzCgH^Oj, 
sol.  after  washing,  in  NH4OH.  On  Platinum,  fuses,  carbonizes, 
with  evolution  of  pungent  acid  vapors,  and  burns  away. 

XXIX.  Malates :  nut  precipitated  by  CH3.COOK.  Ca.C\,  on 
heating  a  white  pr.  in  cone,  solutions.  Lime-water  no  reaction. 
AgNOj  white  Ag^C^H^O^,  only  gray  on  boiling.  Malic  acid 
H2C4H4O5,  very  acid,  indistinctly  crystalline,  resembling  glucose 
in  appearance.  NaaCOj  elfervescence.  PhzC^HjOj.  white,  cryst. 
CaCU  no  reaction.  H^SO^,  heated  gives  CO  and  CO,,  browning 
and  blackening  like  Tartaric  acid.  On  Platinum,  fuses,  pun- 
gent acid  vapors  with  frothing  effervescence  ;  burns  away. 

XXX.  Meconates.  Cdorless.  CaClj  white.  FeoCl,.,  blood- 
red  coloration,  see  Group  D. 

XXXI.  Orthophosphates :  of  alkalies  soluble.  Chief  salts  :— 
Na2HP04,i2H20,  and  NaNH,HP04,4H20.  HCl  no  visible  re- 
action. HCl  +  HjS,  none  (not  an  arsenit.).  BaCl.  white,  sol. 
in  HCl  or  HNO3.  CaCL  white  Ca32P0,  soluble  in  CH3COOH. 
re,CI„,  while  FePO,.  P"b2C.,H30„,  white.  NH.Cl  -f  KH.OH  -f 
MgSO,,  white,  cryst.  NH4MgP04,GH20.  Ammonium  molybdate 
in  nitric  acid  yellow  pr.  containing  3  per  cent.  P2O5.  AgNOj, 
yeUow  AgjPO,,  sol.  in  NH^OH  and  in  HNO3.  On  Platinum, 
fuse :  into  metapho?phates  or  pyrophosphates  which  give 
white  AgPOa  and  Ag4P20;.  Orthofhosphoric  acid  H3PO4, 
sour,  syiupv  liquid,  into  clear  ^lass  HPO3  on  heatmg. 

[Metaphosphates,  by  boiling  with  acids  into  orthophos]iheric 
acid.    In  presence  of  acetic  acid,  HPO3  precipitates  albumen. 
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AgNO.  ^vhito  golatinoxis  AgPO^.    Not  precipitated  by  mngne- 

phosphnnc  acul.    AgJNUj,  .tv^jx  .,v  j, 

"'cpi;os"pM?eslf  alK-aline  petals  .oluMe;  oHjer.  wUl.  cliffie,.ty. 
BaCl.  Jiite.     CaCL  white,  soliibl.  in  CH3COOH.  AgNO 
niotn'llio    silver      Hgo2N03,   metallic    Hg.     HoSOg,  cbangcs 
p\0H  ;  iZll.FO^S  beu.g  separated.    PHOsniOROXis  acid 

''^^'^^J'ii.^^^^e.  BaCl  white.  CaCl, 
.ebttnou  ;  Sue  CaF.  Bsnrly  insoluble  in  HCl  and  m  acet.c 
S  AgF  is  soluble:  With  H.,SO,  and  heat,  pungent  HF 
evolved  which  corrodes  glass. 
D  Acids,  the  presence  of  whicli  is  demonstrable  by  the  Group- 
irj:-et°fo/  free  HCl.    Fkuboca^s:  blue  precipi- 

*''b"lH  neiifral  soMions,  or  if  acid  on  addition  of  sodium 
acetate  as  the  precipitate  is  occasioned  even  m  presence  of  free 
;  etic  acS    Includl :  arsenates,  gallates  and  phosphates 

c  o7y  in  neutral  solutions.     Includes  :  BORATES,  benzoates, 
and  srcciNATES. 

XV.  Borates,  see  above.  .^>,;to 
XXIII  Benzoates,  for  the  most  part  soluble.     HCl  wmte 
cr4tn!ne  scales  of  benzoic  acid.    Fe,Cl„  bulky,  flesh-colored 
5eiic  benzoate,  decomposed  by  HCl  with  separation  ot  benzoic 

XXXIII.  Succinates.  Mostly  soluble.  HCl  no  yi.sible  re- 
action, as  succinic  acid  is  readily  soluble  in  water,  alcohol  and 
ether  Te  CL,  pale  cinnamon-colored  feme  succinate,  readdy 
80  ubie  in  Hci  Pb2C,H30.  white  PbC,H,0„  readily  sol.  n, 
excess  of  test.  BaCl,  and  NH.OH  no  precipitate  imtil  alcohol 
added  AgNOs.  white.  Succinic  acid  0,H,(C00H),  m  color- 
less, inodnLs  prisms,  readily  soluble  Volatile:  can  be  sub- 
limed On  Platinum  burns  with  sooiless  flame.  Succinates 
by  heat  into  carbonates  (blackening)  or  oxides  or  metid. 

d  Only  coloration  in  presence  of  ECl.  Includes  :  X.  FEREI- 
cyanides  and  XI  sulphocyanides  (see  above). 

e  The  red  or  black  coloration  disappears  on  addition  of  MVl. 
Includes:  XII.  acetates,  foumates,  XXII.  tannates, 
XXXIII.  MECONATES.  and  III.  sulphites 

XII  Acetates,  all  more  or  less  soluble.  Calcium  and  ferric 
acetates  very  soluble:  not  precipitated  by  CaCl^  or  le^Mj. 
HCl  separates  CH3.C0OH  in  solutiou.  Fe,Cl„  dark-red  colora- 
tion, yellow  on  addition  of  HCl.    AgNO,  crystallme,  greasy- 
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looking  precipitate,  soluble  in  hot  water.  Kg^iKOj,  similar 
pr.,  readily  soluble  in  the  test.  HjSO.,  ev(jlves'  acf/iic  acid 
CH3.COOH,  known  by  its  pungent  odor :  mixed  with  alcohol 
and  heated,  agreeable -.smelling  ethyl  acetate  CH3.COOC2HJ 
is  formed.  On  Platinum,  into  carbonates,  somewhat  car- 
bonaceous, oxides  or  metal.  Acetic  acid  is  pungent,  acid, 
very  volatile,  liquid,  leaving  no  residue.  NH^OH  must  be 
added  to  obtain  proper  reactujn  with  FejClj. 

[Formates  ore  rU  soluble.  FGoCL.,  similar  to  acetates. 
H.COOAgaud  (H.COO)2Hg2,  readily  reduced  to  metallic  state 
by  heat. J 

XXII.  Tannates,  see  above.    Gelatin  precipitates  tannin. 

XXXIII.  Meconates :  already  mentioned.  Alkaline  me- 
conates  readily  soluble.  CaClj  white  meconate :  by  HCl 
crystalline  scales  of  meconic  acid  H3C;H0;,3H„0.  re„Clc  blood- 
red  coloration,  not  bleached  by  HgCl2,  nor  by  AUCI3,  but  by 
HCl.  Pb2C2H30„  white  (none  with  an  acetate).  AgN03,  white, 
sol.  in  NH3  and  in  HNO3.  On  Platinum,  meconic  acid  loses 
water,  melts,  iutiames,  leaving  coaly  residue  which  burns  away. 


E.  Acids,  salts  of  which,  or  the  radicles  of  •which,  are  pre- 
cipitated by  silver  nitrate. 

a.  In  neutral  solutions  only,  and  the  iireciintaie  is  readily 
soluhle  in  dilute  nitric  acid.    Includes:  pyuo- and  Mh,TA-i'HOS- 

PHATES,  BORATES,  OXALATES,  &C.,  wlute  j  ARSENITES,  yellOW  and 

oiiTnoi'HosPHATES,  yellow ;  ARSENATES,  liver-hrcwn ;  chromates, 
crimson,  &c. 

h.  Tiie  'precipitate  is  insoluble  in  dilute  nitric  acid.  Besides 
SULPHIDES,  black;  ferricyanides,  red-brown ;  silphocyanides, 
CYANIDES,  FERRocYANiDES,  lODATES,  whitc,  we  iuclude  cMorides, 
bromides,  iodides. 

XXXTV.  Chlorides:  all  soluble  except  AgCl  and  HsrXU ; 
with  difficulty  PbClj  and  TlCl.  Generally  colorless.  Neutral 
or  acid  to  test-paper.  Many  volatile.  AgN03,  white,  curd-like, 
fusible  AgCl :  soluble  in  NH^OH,  and  to  some  extent  in  strong 
mineral  acids,  from  which  it  is  re-precipitated  by  water. 
Hg.aNOg,  white  Hg^Cio,  by  NH3  into  black  Hg„H,,NCl. 
PbiCjHjO,,  white  PbClj,  except  in  dilute  solutions.  Heated 
with  KjCroO;  and  HjSOj,  blood  red  drops  of  Ci  OoCL  condense 
from  brown-red  vapor.  Hydrogen  chloride  HCl  is  acid, 
volatile,  suflbcating :  with  HNO3  it  deepens  to  yellow-red  iu 
color,  and  evolves  Gig  +  NOCL.  Leaves  no  residue  on  Platinum. 
Fumes  with  glass-rod  dipped  into  NH3.  If  a  trace  of  a  chloride 
be  added  to  a  bead  of  NaPOs  contaiuing  a  liltle  CuO,  and  the 
bead  heated  in  the  reducing  flame,  blue  flame  will  be  observed. 
MnOj  -f  H.,S04  added  to  a  chloritle  yields  Chlorine  gas  which 
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bleaches,  and  separates  Br  and  I  respectively  from  alkaline 

solnble  bnanule  ye^'^^f'  ^^'l^^.^^  is  colorld  orange.  HNO3 

''''''  r'lr'  vUh  red^i^  wn  vapor  condensing  to  blood-red 
sepa  ate.  Br    witli  lec  i,^  ^^.^^^  ^^^^^^.^^^^^  complete  y 

drops.    H\DKOCxEN  Bhuiii  AeNO,  yellowish- 

volatile  .Uhout  re.uue    CL.  -t,  Bi  liee^  Ag 
white  AgBr,  insoluble  m  ddnte  i-i^iUj.    xi^'"3  1 
I'cUhfomW'sed  by  KBr  ndo  AgBr  +  K^^^^ 

XXXV 1.  Iodides:  many  iodides  ulSolul)le    AgNO,^  ^vnlU.n 
yeUow  Agl,  insolnble  m  ^",011  and  m  I^^^^^  Pb-C 
iellow  PbL,  sol,  m  -^^'^^^  ^^^  Cut 

color  to  ie.iucm„  U.U  volatile  without  residue.  Cl^ 

from   separation   ut   I2,  iM-ili,  vui.ii.n  p-p-pi 
sZrate  L.    Free  L  discoverable  by  shakmg  up  ^vlth  CHCl3^ 

Any  insoluble  chloHde,  bromide,  or  iodide  iused  with  N  a  CO3, 
win  coutaia  respectively  NaCl  X^xBr  Nal  m  a  soluble  toim. 
AgCl  is  decomposed  by  KI  mlo  Agl  +  KOI. 

F.  Acids,  the  salts  of  wM^all  soluble  in  water,  and  are 
therefore  not  precipitated  by  reagents.     Includes,  chlorates 
an.l  nitrates,  and  [ferchlo  rates].  tiroduces 
rhlorates  fVI  ^  liave  been  described  at  p.  ?o.    HOi  produces 
onioiates  (^v  i.;  nu-vo  1  ,0,1    e«ueciallv  when  heated, 

"•reen-yellow  euchlonne  LUU^ -|- 3'^'2i  e^P*^^^"^'-^  ii„-nHo 
H  SO  evolves  CW,  as  greenish-yellow  gas:  sulphmdigo tic 
fell  tben  cLoloiizecL.  If  a  chlo.ide  present,  Ag.SO..  can  be 
added  to  remove  Chlorine.  TTxm  wni 

XXXVII.  Nitrates:  all  soluble,  except  Bi A, ^H^Oa-  HCl 
concrntrated,  evolves  N 001,  and  CL  which  dissolves  gold-leaf. 
Dil  ite    no  Reaction.    BaCl,  no  reaction.     AgN03  no  reaction^ 
Add  FeSO,  in  >olntion,  and  then  H,SO,  more  or  less  freely  A 
tul  -brown  coloration  (2FeS0„N0).  at  the  point  ot  junction 
[ncieasin-  bv  shaking  and  then  disappearing,  solution  c.dored 
ron  SrrK.  salt.    SulpMndigotic  acid  turned  yeUow  ^y  1  "h  SO 
set  free  from  a  nitrate.    Oopper-turniugs,  together  with  H  SO 
yfeld  orange  vapors  of  NO,.    On  Platinum,  an  alkaline  nUi.Ue 
fi  s  into  a  nitrite,  and  this,  dissolved,  gives  with  acetic  acid, 
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KI  and  starcli,  blue  iodide  of  starch.  FiiKE  nitric  acid  HNO3, 
i«  colorless  and  caustic  in  odor;  when  fuming,  yellow  from 
HNOj.  Strongly  acid,  volatile;  leaves  no  residue.  HCl  pro- 
duces more  or  loss  of  a  yellow  or  orange  color,  with  fumes  of 
chloro-nitric  gas  NOClj  and  of  Cl„  dissolving  Au  as  AuCls,  bleach- 
ing htmus  and  indigo-solution.  Na^COj  effervescence.  Stains 
wool  yellow.  FeSO,  browns  :  on  heating,  if  dilute.  Cu  when 
heated  gives  2NO  +  =  2NO2  as  orang(-red  vapors.  If  dilute, 
neutralize  witii  CuCOj,  filter,  evaporate  to  dryness  and  decom- 
pose with  H2SO4  containing  solution  of  ferrous  sulphate. 

[PercMorates.  HCl  added,  indigo-solution  not  bleached. 
Evolve  0  on  iieating,  and  changed  into  chlorides  :  KCl  in 
concentrated  sols.  pr.  KCIO.,.] 


Eecapitulation. 

Salts  of  organic  acids,  except  oxalates,  acetates,  and  formates, 
are  charred  when  heated.  In  presence  of  HCl,  soluble  carbon- 
ates, sulphides,  hyposulphites,  niti  ites,  ferrocyanides,  benzoates, 
hippurates  and  urates,  chlorates,  hypochlorites,  and  silicates 
are  at  once  recognizable.  Even  in  admixture  a  carbonate  is 
decomposed  before  a  sulphite  is  attacked,  so  that  much  is 
learnt  by  a  careful  addition  of  tlie  test.  If  HCl  produces  no 
reaction,  the  addition  of  HjS  settles  the  presence  or  other- 
wise of  chromic  acid  (p.  53)  of  As^O^  (p.  14)  :  boiling,  con- 
centrating and  further  addition  of  H„S  would  indicate  by 
yellow  AsjSj  +  S„,  presence  of  arsenic  acid  (p.  is).  Barium 
chloride  BaClj  precipitates,  in  addition  to  the  above-named, 
iodatcs,  bromates,  borates,  phosphates,  oxalates,  fluorides,  sul- 
phates, silicotluorides,  and  ferrocyanides ;  precipitated  BaSO^ 
and  BaFjSiF^  are  insoluble  in  HCl.  Silver  nitrate  precipitates 
chlorides,  bromides,  iodides,  cyanide.^,  and  ferricyanides :  chlo- 
ride of  barium  does  not  precipitate  them.  Terric  chloride  is  also 
an  admirable  test.  The  red-brown  coloration  disappears  in  the 
case  of  acetates,  meconates.  formates,  and  the  black  coloration 
in  the  ca^e  of  the  gallates,  on  addition  of  HCl,  but  the  brown 
coloration  of  ferricyanide  and  the  blood-red  sulphocyanide  are 
not  thus  bleached.  HCl,  however,  in  no  wise  interferes  with  the 
FEEROCYANiDE  rcactiou.  Only  in  neutral  solutions  a  borate, 
benzoate  and  succinate  can  produce  a  ferric  precipitate,  and  only 
in  presence  of  acetic  acid,  a  phosjihate,  arsenate  and  tannate. 

For  further  particulars,  sen  the  respective  acids,  the  charac- 
teristic features  of  which  can  be  easily  mastered  by  the  intelli- 
gent student.  Except  for  grouping,  Tables  are  not  to  be  recom- 
mended unless  constructed  by  the  student  himself. 
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11.  The  substance  is  insoluble  in  water  (see  p.  Jlfjjf 
substance  is  insoluble  in  water,  it  is  ^^^^^^^  With  strong  H^^^^ 
The  t\,llowiug  gnsos  nmy  bo  evolved  :  CO,  fmui  a  carbonate, 
H  S  from 'v  sulphide  ;  SO...  from  a  sulphite  or  hyposulphite;  HCN 
W  a  ^rai^de^;  ^^^^^^  from  a  peroxide  or  chrcmate  (turns  green)  ; 
I  (violet^v^K'  ft-m  an  iodate ;  Br,  (orange)  from  a  bromate. 
Miny  smcatc.s  gelatinize;  in  such  case,  evaporate  to  dryness 
iS  te  y,  and  re-dissolve  in  HCl ;  SiO,  remains  b.h.nd  as 
a°wh  te  insoluble  powdc  r,  while  the  bases  pass  into  solution. 

If  the  maiu  part  of  the  ^substance  has  dissolved   falter  or 
decant  bo  1  off ^a..y  large  excess  of  HCl,  dilute  with  a  little 
water 'and  proceed  with  the  use  of  Group-tes  s  as  given  at 
1  r  i  ami  12.  N.B.  If  crystals  form  in  the  solutiou  on  cooling, 
fo."  arseniou^,  boracic,  benzoic,  hippurie,  uric,  and  ga  he  acids 
?^ad  chloride  barium'chloride,  calcium,  barium,  f  o^^/^ 
ma-nesium  phosphates  and  oxalates.-more  water  should  be 
Sed    A  yellow  residue  may  be  sulphur  or  titanic  acid :  an 
orange  one,  with  odor  of  CNH,  a  sulphocyanide.  A  turbidit '  on 
dilution,  indicates  Sb  or  Bi.    If  the  solution  gives  a  preeipitate 
with  NH.Cl  ^  NH.OH,  a  phosphate  or  oxalate  may  be  present, 
as  well  as  Fe„  Al,  or  Cr,  In  this  case  test      original  substance 
as  follows:  a.  Heat  on  platinum  f"il.  treat  ^l^e  ash  with  HCl , 
effervescence  indicates  oxalate ;  test  for  the  probable  basyl  Oa, 
B a  Sr    6  To  a  solution  of  ammonium  molybdate  in  HiNUa, 
acid  a  drop  of  the  HCl  solution,  and  warm.-a  yellow  iDrecipitate 
indicates!,  phosphate,    c.  To  a  fresh  portion  of  the  HCl  solu- 
tion, add  sodium  acetate  in  excess  :  CrPO,,  is  green,  FePO,.  and 
AlPO,  are  white  and  gelatinous.   Test  for  Fe  (p.  19) :  if  absent, 
nearly  neutralize  another  portion  with  Na,C03,  boi  with  pure 
KOH  and  BaCOj  and  filter;  to  the  filtrate  add  HCl  in  excess, 
then  NH.OH  in  excess,  and  warm,— white  gelatinous  aluminum 
hydroxide  will  be  precipitated.    The  biirium  precipitate  on  the 
filter  is  dissolved  in  hot  dilute  HCl,  H,SO  added  to  remove  Ba 
asBaSO.,the  solution  boiled,  filtered,  and  tested  with  ^H,U, 
NH.OH  and  MgSO,  for  the  presence  of  a  phosphate,  which  wui 
be  indicated  by  a  white,  crystalline  deposit  ot  NH,MgP04,6M,U. 
d  If  sodium  acetate  has  produced  a  precipitate,  falter  and  add 
to  the  filtrate  NH,OH  :  a  precipitate  indicates  excess  of  Al„(OH)s 
Fe,(OH),.  or  Cr2(0H)„.    e.    If  no  reaction  with  si^diu^  acetate, 
add  Fe^Clg  till  solution  reddish,— a  white  precipitate  indicates 
calcium,  barium,  strontium  or  magnesium  phosphate ;  boil  till 
liquid  colorless,  filter,  test  the  filtrate  for  these  metals  (pp.  24,  25)- 
If  necessary,  the  ferric  precipitate  can  be  tested  for  ortho- 
phosphoric  acid,  by  dissolving  in  warm  HCl,  adding  tartaric 
acid  to  prevent  the  separation  of  ferric,  NH.OH  and  then 
M'^SO,  to  the  clear  solution:  crystalline  NH.MgPO^.oHoU 
follows,  if  phosphate  present.  /.  Fluorides  and  borates  of  Ba,  Sr, 
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Ca  and  Mg  may  also  be  precipitated  by  NH^II ;  therefore  the 
orifriual  substance  must  he  tested  on "  Platinum  with  H.SOj, — 
a  BORATE  gives  green  color  to  flame.  Fluorides  evolve  HF, 
whicli  corrodes  gla.ss.  If  either  present,  add  more  NH^Cl  and 
test  for  Ba,  Sr,  Ca  or  Mg. 

If  insoluble  in  HCl,  boil  with  HNO3.  Kemove  nearly  all  the 
free  acid  by  evaporation,  and  test  the  solution  for  tlie  various 
bases  under  the  different  Groups. 

If  insoluble  in  HNO3,  boil  with  aqua  regia.  Remove  free  acids, 
dilute  and  tost.  Be  careful  to  remove  both  HNO3  and  Cl^,  as 
they  decompose  HjS,  with  deposition  of  Sulj^hur. 

As  regards  tlie  examination  for  the  radicle  in  substances  only 
soluble  in  acids,  indications  have  already  been  noted  (p.  40). 
All  borates  are  soluble  in  HCl ;  on  Platinum  with  HoSO^.  all 
borates  give  green  color  to  flame.  In  the  HCl  solution,  BaClj 
discovers  a  sulphate  (p.  35);  in  any  sulphide,  the  action  of 
nitric  acid  would  be  to  create  a  sulphate.  In  the  case  of  silicates, 
evaj^orate  to  dryness,  ignite  and  re-dissolve  in  HCl  :  silica  SiOj, 
remains  undissolved.  Phosphates  are  all  decomposed  by  acids  ; 
their  detection  has  been  explained  at  pp.  36,  41.  In  the  case  of 
an  organic  salt,  blackening  with  a  residue  would  occur ;  dissolve 
the  residue  in  HNO3,  evaporate,  re-dissolve  in  water,  precipitate 
by  HjS  or  by  ]Sa2C03,  and  in  the  filtrate  test  for  the  base. 

If  a  SVBSTANCE  is  insoluble  in  water  as  W^ELL  as  in  ACIDS, 

various  methods  must  be  employed.  Carbon  disajipears  wiien 
strongly  ignited,  and  deflagrates  with  KNO3.  AgCl,  AgBr  and 
Agl  melt  when  heated,  and  give  metallic  Ag,  heated  witli  NajCOg. 
ALO3,  is  white,  infusible,  is  turned  blue,  when  ignited  with 
Co'iNOj.-  unlocked  by  fu.sion  with  KHSO^.  SnO,  and  Sb^Oj 
give  ductile  or  brittle  metallic  bends  respectively  of  Sn  or  Sb 
when  heated  on  charcoal  with  Na2C03.  In  a  platinum  capsule 
they  may  be  reduced  by  Zn  +  HCl ;  Sb  will  stain  the  Pt  black. 
They  may  also  be  unlocked  by  fusion  with  Na^COj.  Silica  and 
certain  silicates  are  untouched  by  acids ;  heated  in  the  sodium 
metaphosphate  bead  they  yield  a  skeleton  of  B\0„.  They  can 
be  unlocked  by  HP;  or  by  fusion  with  Ba(0H)2;  or  with  3 
times  their  weight  of  Nn2C03,  treatment  with  HCl,  evaporation 
to  dryness,  moistening  with  HCl,  and  addition  of  water  which 
leaves  SiOj  undissolved.  If  K  or  Na  to  be  sought  for,  then 
Ba(OH)o  must  be  used.  Fluorides  are  white  :  all  evolve  HF 
when  heated  with  HoSOj,  and  corrode  a  watch-glass  placed  oyer 
the  platinum  caiDsule.  Chromic  oxide  gives  a  green  bead  with 
borax,  [t  is  best  unlocked  with  a  mixture  of  Na^COj  and  KNO3, 
yielding  soluble  yellow  chromate.    Some  alloys  are  best  heated 
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in  an  atmosplieve  of  clilori,>o,  after  a.lmixture  with  sodium 
chloride.  

List  op  sfbstances,  one  or  other  of  which  is  given  for 

ANALYSIS  vr  THE  FiRST  M.B.  EXAMINATION  OF  THE  UNIVERSITY 
OF  LOXI  ON. 

A  Alcohol,  urea,  sucrose,  dextrose,  starch  and  E^Y^^^^- 
T5  Tlio  alkaloids  morphin,  strychnin,  qumm  and  cmchonm. 
C  OxaUc  tartaric,  citric,  maUc  and  uric  acids.  D.  Succinic,  hen- 
zoic  a!alhTppuric  acids.  E.  Acetic  acid.  Meconac,  tannic 
and  gallic  acids.  G.  Sulphocyanides,  ferrocyamdes  and  ferricyan- 
ides     11.  Cyanides.  ,    ^         ,     ,  ^^-j 

General  remarks.  Alcohol,  urea,  sucrose,  dextrose,  starch  and 
crlvcerio  are  neutral  or  only  very  faintly  acid  to  test-paper.  _  _ 
^  "AH  the  free  acids,  viz.  oxalic,  tartaric,  citric,  malic,  succinic, 
benzoic,  hippuric,  acetic,  nieconic,  tannic  and  gallic  ^C'ds  occa- 
sion eflervesceuce  with  sodium  carbonate,  which  last  is  leconi- 
mended  to  be  used  after  application  of  test-paper.  It  there  is  no 
effervescence,  the  above-mentioned  acids  may  be  passed  over. 
If  there  is  no  precipitate,  either  immediate  or  after  cmtinuous 
stirrin-,  the  absence  of  most  bases  (including  the  alkaloids  mor- 
phin, rtrychuin,  quinin  and  cinehonin)  may  be  inferred,  except- 
ing ferric,  potassium,  sodium  and  ammonium  (L,_Os  ami  Kb;. 
The  only  acids  leaving  no  solid  residue  are  acetic  and  hydro- 
evanic  -acids,   but  the  former  occasions   effervescence  with 
Na.CO,-  both  are  surely  recognizable  by  the  bmell,  and,  tlie 
latter,  by  silver  nitrate,  which  precipitates  silver  cyanide.  Uric 
acid  is  so  nearly  insoluble  in  water,  that,  except  solid,  or  m  the 
form  of  a  strongly  alkaline  solution  of  urate  of  potassium,  sodium 
or  ammonium,  it  need  not  be  thought  of- 

An  alkaline  solution  should  be  tested  with  Na.,C03 :  basic  lead 
acetate  would  be  precipitated,  and  any  other  metallic  salt,  the 
carbonate  of  which  is  insoluble  in  water.  Heat  should  always 
be  applied  to  make  sure  of  the  absence  of  a  salt  of  ammonium. 
On  application  of  gentle  heat,  a  solution  of  tartar  emetic  is 
precipitated.  A  solution  of  a  urate,  or  of  potassium  cyanide, 
would  be  stron-ly  alkaline  and  nnaffected  by  Na.COj ;  so  also 
would  be  an  alkaline  hippurate,  gallate,  tannate  and  possibly 
other  organic  salts.  Hydrochloric  acid,  carefuUy  addecl,^  is  the 
next  most  important  test,  as  it  not  only  precipitates  PbCl.^  from 
PbzCHjOs,  and  basic  antimonous  chloride  from  tartar  emetic, 
readily  soluble  in  excess,  but  it  precipitates  uric  acid  (as  a 
powder),  hippuric  acid  (in  needles),  benzoic  acid  (in  scales), 
GALLIC  acid  (easily  soluble),  fereocyanic  acid  (bluish  white) 
from  a  yellow  solution,  and  potassium  hydrogen  tartrate  from 
neutral  tartrate,  as  a  white  crystalline  powder  (readily  soluble). 
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Hydrogen  sulphide  may  be  added  to  any  precipitate  with  HCl, 
and  any  doubt  as  to  the  metallic  character  or  otherwise  con- 
firmed. Ferric  chloride  gives  most  important  reactions.  With 
GALLIC  and  TANNIC  ACTDS  a  bluc-blnck  coloration  or  precipitate, 
bleaclied  by  HCl :  gelatin  precipitates  tannin  alone.  With 
neutral  salt  of  morphin,  a  dark  blue  color :  orange  witli  HNO3. 
With  SULPHOCTANIDES,  intense  blood-red  color,  not  bleached  by 
HCl,  but  by  HgClj.  With  acetates,  deep  red-brown  color, 
bleached  by  HCl :  the  original  salt  with  alcohol  and  sulphuric 
acid  yields  ethyl  acetate.  With  mecgnates,  an  intense  port- 
wine  color,  not  bleached  by  HgClj  or  by  AuClj  but  by  HCl. 
With  FERROCYANinES,  Prussian  blue,  not  altered  by  HCl  With 
fereicyanides,  brown  color,  not  bleached  by  HCl  (with  a  fer- 
rous salt,  Tumbull's  blue).  With  benzoic,  hippuric  and  succinic 
aci'ls  no  reactii  n,  but  with  benzoates.  hippi  rates  and  succin- 
ates, respectively,  a  flesh-colored,  a  brown,  and  a  red-brown 
precipitate  :  on  addition  of  HCl,  scales  of  benzoic  acid,  needles 
of  hippuric  acid  and  no  separation  of  succinic  acid.  No  precipita- 
tion with  oxalates,  tartrates,  citrates  and  malates,  and  no 
change  of  color,  beyond  what  springs  from  dilution  of  the  ferric 
chloride.  Calcium  chloride  is  also  a  Group-test.  Succinate,  ben- 
zoate,  hippurate,  and  acetate  of  calcium,  are  sufHciently  soluble 
in  water  to  allow  of  the  detection  of  the  radicles  with  ease  :  in 
soluble  salts  of  these  radicles,  of  course  CaClj  will  produce  no 
visible  results.  Oxalate  of  calcium  is  so  insoluble,  that  even 
lime-water  produces  an  immediate  precipitate  in  soluble  oxalates, 
insoluble  in  acetic  acid.  Tartrate  of  calcium  is  so  little  soluble 
in  water,  that  lime-water  in  excess  precipitates  tartaric  acid, 
but  the  precipitate  is  soluble  in  acetic  acid.  Of  course  CaCU, 
precipitates  both  an  oxalate  aiid  a  tartrate.  Lime-water,  in 
excess,  has  no  effect  upon  citric  acid,  until  boiled,  when 
calcium  citrate  is  precipitated.  Under  no  circumstances,  how- 
ever, could  lime-water  precipitate  a  soluble  malate  or  maKc  acid. 
For  the  distinctive  tests  see  pp.  48,  49. 

Ill  addition  to  the  tests  here  enumerated,  the  effects  of  heat 
are  to  be  particularly  studied.  Thus,  the  alkaloid-*  fuse,  and 
burn  like  resins,  with  a  beautiful,  sooty  flame.  They  are  prac- 
tically insoluble  in  water,  although  their  solution  blues  red 
litmus  paper.  As  salts,  morphin,  strychnin,  qiiinin  and  cincho- 
nin  are  precipitated  by  sodium  carbonate.  Nitric  acid  in  excess 
will  distinguish  morphin :  sulphuric  acid  added  to  the  solid 
alkaloid  or  s  dt,  together  with  MnO„,  or  ThO„.  or  KoCrjO;, 
will,  by  the  purple  color,  decide  for  strychnin:  chlorine  water 
and  ammonia,  by  the  green  color,  settle  the  presence  of  quinin. 
Solutions  of  salt.s  of  cinchonin  are  not  fluorescent,  are  not  turned 
green  by  CI 2  -f  NH.,OH,and  the  precipitate  eflected  by  NH^OH 
is  not  soluble  in  ether,  as  is  quinin  when  similarly  treated. 
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ThP  use  of  areentum  nitrate  has  been  already  conmeM  at 
1   I    lo     Slher  oxalate  is  ^vluto  uud  soluble  iu  d,lut,e  uitnc 

is  vcd-br,  Avn  uud  u.soluble  iu  dilute  uitnc  acid.    The  distinctive 
tests  for  the  various  substances  are  as  oUows  :- 

Guorp  A  iucludes  alcohol,  ukea,  sucro:,e,  gllcose,  siarou, 

"llco'hoT"e?hylic  CH3.CH.,0H.     Colorless  liquid  of  purely 
spk  tiious  o!lor%eutral  to  tJst-paper,  leaviu,^  no  residue  on  pla- 
tSim    Un  ess  ve,y  ^Yeak,  it  is  inflammable,  bumiug  Nvith  pale- 
S  fla'Jur  K,4o.  +  H  SO   reduced^,  bl^^^^^^^^ 
salt  of  cl.roiuic  oxide.     Heated  with  H^SO,  and  CHjLUOJl, 

^'ti  g(NS!;'nSon,  is  colorless  and  inodorous.  Neu- 
tral to  test-pai  en    Carefully  evaporated,  a  solid  crystallme 
residue   s  left,  ea.ily  fusible,  emitting  ainin.nia.iil  odors,  dis- 
coverable by  red  litmus  paper:  it  solidifies  soou  alter  fusion  as 
wbf  e  oyanurJc  acid  Cy3  OH),,  -l^-h  entirely  volatihzes  with- 
out blackening.    Na.CO,  no  precipitation,  .'''^.^'l^ 
soluble     HNO,  iu  large  excess,  white  crystalline  CO^JNiiojo, 
HNo!  readily  soluble  in  water.   C,0,(OH)„  behaves  similarly, 
•"urea  in  colorless,  four-sided  prisms,  very  sol.  m  water  and 
iu  alcohol.    Neutral.    Fuses  to  clear  I'^l"!^  •  ^^.^l^^^J^^^? 
and  GNONH,.  solidifies  and  volatilizes  ns  ONOH  without 
blaekeniuo-    Na„CO,  no  reaction  on  its  solution  in  v-ater. 
iN03  ^neeipitates  ^hite  CO(NH,)„HNO     Instantly  de- 
composed bv  2HNO,  into  :  C0,+  ^-N,-f  3H.O.  Salts  ot  urea 
are  acid;  effervesce  with  Na.CO,,  but  afiord  no  precipitate. 

Sucrose  C,„H„„0„,  in  solution,  is  colorless  and  inodorous. 
Neutral  to  test-paper.  On  evaporation  becomes  syrupy,  hen 
yellow,  deepens  in  color,  intumesces,  inflames  evolves  smell  ot 
burut  sugar  as  it  blackens,  gives  coaly  residue  which  burns 
away.  Na^CO,  no  react  on.  CuSO,  4-KOH,  the  lat  er  till  deep- 
blue  soluUwu,  no  precipii  ate  if  heated  till  near  bmlmg.  H,SO, 
in  exce-s,  -ivcs  muss  of  carbon.    KOH  no  distmctive  reaction 

Sucrose  C,„H,oO,„  in  colorless,  transparent,  tour-sided, 
oblique-rhombic" prisms,  very  soluble  m  water,  forming  a 
thick  syrup.  Melts  to  glassy  mass.  Heated  to  160  into 
GLrcosE  C„n„0„,  and  lalvilosan  C,li,,0,;  at  210°  m  o 
caramel  C,„H,,0„;  then,  with  evolution  of  luflammable 
Kases  into  carbonaceous  ma;=s  which  burns  away.  H^BU^ 
into  carbonaceous  matter.  Does  not  at  once  reduce  cupric 
hydrate,  when  blue  solution  of  cupric  hydrate  with  sucrose 
in  KOH  is  boiled :  but,  when  solution  of  sucrose  is  heated 
with  dilute  acids,  it  is  changed  into  dextrose,  p.  46. 
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Glucose  C,jlI|oOu,  in  solution,  is  colorless,  or  yellow-tinted; 
neutral  or  faintly  acid.  'Na.,00.,  no  reaction.  On  Platinura 
behaves  like  sucrose.  CuSO,  and  KOH  in  excess,  a  deep-blue 
solution  from  which  yellow  cuprous  liydroxide,  and  then  red 
cuprous  oxide  is  precipitated,  even  before  liquid  boils.  ZOH 
on  heating,  a  rich  nialioganv  color.   H.SO^  converts  glucose  into 

SULPHO-SACCIIARIC  ACID  CuHi^OjSOj. 

Dex  PROSE  or  GLUCOSE  d„H,oOu,H.^O,  dissolves  in  r.  23  parts 
of  water,  and  is  less  sweet  than  .sucrose.  It  is  soluble  in 
alcohol.  At  170°  into  glucosan  CgH,/),.  It  dissolves  BaO, 
CaO  and  PbO,  and  combines  also  with  NaCI. 

Starch  CjgHj^O,^  affords  a  more  or  less  gelatinous  liquid,  neu- 
tral or  faintly  acid.  Or  only  opalescent.  Evaporated  on  Pla- 
tinum, a  wiiilish  or  yellowisii  residue,  burning  with  yellow 
flame,  leaving  first  a  carbonaceous  residue  which  completely 
oxydizes.  Na„C03,  no  reaction.  Iodine  water,  strikes  a  deep- 
blae  color,  disappearing  on  heating  :  the  chief  test.  Dilute 
sulphuric  changes  it  into  glucose.     H^SO^  into  amidin-sll- 

PHUEIC  ACID. 

Starch  C,8H3„0,j,  a  soft,  white,  glistening  powder,  in- 
soluble in  cold  water.  Forms  a  thick,  unmistakable  paste 
when  boiled  with  water,  and  is  at  once  recognized  by 
solution  of  iodine. 

Glycerin  03115(011)3,  in  solution,  is  more  or  less  viscid.  Neu- 
tral, or  faintly  acid.  Na2C03  no  reaction.  On  evaporation, 
more  and  more  viscid,  evolving  in  a  test-tube  white  vapors 
smelling  of  red-hot  candle-wick.  Heated  then  with  KHSO^, 
acrolein  of  pungent,  irritating  odor.  On  Platinum,  it  burns 
witii  steady  white  flame  without  blackening  and  without  resi- 
due, remaining  liquid  until  the  end. 

Glycerin  C3H5(0H)3,  colorle.»s,  viscid  liquid,  of  sp.  gr. 
1.27,  boiling  at  200°  O.  Intensely  sweet.  Keadily  soluble 
in  water  and  in  alcohol.  By  loss  of  2HjO,  inlo  acbolein 
C3H4O,  most  pungent  of  vapor.-^. 


Group  B.    Includes  moephin,  strychnin,  quinin  and  cin- 

CHONIN. 

Heated  on  Platinum  they  fuse,  redden,  and  burn  ■with  bright 
sooty  flame,  leaving  sooty  incrustation  which  burns  away.  Very 
little  soluble  in  water  :  solutions  blue  red  litmus.  Na2C03,  with 
brisk  stirring  separates  the  respective  alkaloids,  more  or  less 
rapidly,  from  solutions  of  their  salts. 

Morphin  Ci7HigN03,  only  soluble  in  1000  of  water.  Solution 
of  salts  neutral  or  acid.  Na2C03,  on  stirring,  white,  crystalline 
precipitate.   FCjCls,  dark  blue.   HNO3  gives  deep-orange  color, 
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oven  in  solutions  of  salts.  Mixed  with  HIO:„  iodine  i^^^' 
blues  stareh,  an>l  dissolves  witi.  amethystine  color  m  CIICI3. 
Mivpd  HNO,  +  H.,SO„  a  green  cnluratioii. 

mShTn  C,.tI,/03,H..0,  in  short,  rectanguL.r  prisms, 
so?in  4o"  hoi\in^valer.-  Solnble  in  alc.hol  b.^  not  .n 
ether   and   chloroform.     Soluble    in    KOH.     Tuime  ic 
browne  d.    HNO3,  deep-orange.    Salts  very  soluble  m  water 
and  iilcohol :  morphin  precipitated  by  Na.COj,  aud  by 
■NH  OH  •  stirring  generally  required. 
Strvchnin  b„H„„N:0.„  almost  insoluble  in  water  (7000  parts). 
SoSt  ;?  saitsrneutn.l,  soluble.     Na,C03,  wh  te,  crystalline 
precipitate.    KOH,  likewise;  needles  as  seen  under  microscope. 
NH  OH,  white,  soluble  in  excess.    The  dry  salt,  or  alkaloid, 
wUll  H„SO,  ia  porcelain  dish  and  K.Cr  O.  blue-vioIet  color, 
dian-S-  to  red  and  reddish-red.    With  MnO,  or  with  PbO„  a 
similar  reaction.    Chlorine  water  a  white  precipitate. 

Strychnin  C„,H,,N,0„  in  brilhant  rhonibic  prisms, 
insoluble  in  absolute  alcohol,  ether,  and  KOH ;  readily 
soluble  in  CHCI3.    Its  salts,  if  acid,  are  not  precipitated 
by  NaHC03.    KCNS  in  solutions,  white  crystalline  tutts. 
Quinin  C.„H,„N.,0„,  solulile  in  550  parts  of  ^aten    Its  salts 
may  be  neutral  or  acid,  and  reflect  a  bluish  tint    NaHC03  easily 
pre^cipitates  quinin.     KOH  and  NH  OH,  white,  amorphous 
readi  y  soluble  in  ether.    Chlorine  water  and  then  NH.OH  an 
emerald-green  color.    CI  +  K.FeCy,  +  NH.OH,  deep-red  tint, 

changing  to  dirty-brown.  ,  , ,    •     1    -u  i 

QciNiN  C  H„„N„0„  in  silky  needles,  soluble  in  alcohol 
and  ether    'njo,  'dissolves  it  with  slight  yellow  color. 
HNO3,  colorless'.    Salts  fluorescent.    Turns  plane  of  pola- 
rization to  the  left.  ,  , ,    .       .       c.  IX 
Cinchonin  C,„H,,N.O,  is  less  soluble  m  water.    Salts  more 
soluble  in  wate'r,  aid  in  alcohol,  than  those  of  quinm.  NaHCO, 
white,  amorphous.    KOH  and  NH,OH,  white  amorphous  cin- 
chonin insoluble  in  ether.    Chlorine  water  and  then  NH.OH,  a 
yellowish-white  precipitate.  K.Cfy  white  flocculent  ferrocyanide, 
soluble  in  excess,  and,  after  gentle  heat,  separating  m  golden 

scales  or  needles.  ,      ,     1  • 

Cinchonin  C,„H,,N„0,  m  large,  quadrilateral  prisms, 
less  soluble  in  alcohol  "than  quinin  and  insoluble  m  ether. 
Readily  sublimed  in  hydrogen.  Turns  plane  of  polarization 
to  the  right.    Cinchunidin  is  laevo-gyrate. 

Group  C.  Includes  oxalic,  tartaric,  citric  and  malic  acids. 

Htated  on  Platinum  they  fuse.  Oxalic  aciil  decomposes, 
without  carbonizing,  and  the  fumes  are  white  and  very  initatmg. 
Tartaric  acid  carbonizes,  and  emits  smell  of  burnt  sugar. 
Citric  acid  also  carbonizes,  but  the  fumes  are  pungent.  Malic 
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acid  froths  niucli,  and  also  gives  off  pungeut  vapors.  They  are 
very  soluble  in  water ;  neither  tlie  acids  nor  the  salts  are  pre- 
cipitated by  ferric  chloride.  The  calcium  halts  are  either 
insoluble  or  with  difficulty  soluble  in  water. 

Oxalic  acid  €202(011)2, 2H2O.  Page  35.  Colnrlci-s  rhombic 
prisms,  soluble  in  eight  parts  of  water.  Strongly  reddens  litmus. 
Klfcrvesces  with  Na2C0j.  Ferpjc  chlokiue  no  i:eaction. 
Lime-water  an  immediate  white  precipitate  of  CaC^O^,  insoluble 
in  acetic  acid.  CaClj  and  CaSOj,  white  CaC204,  evt-n  in  acetic 
acid  solution.  H2SO4,  on  heating,  decompuses  it  without  darken- 
ing into  CO  and  COj,  larboiuc  oxide  burning  with  blue  fianie. 
AgNOj,  white,  oxalate.  Pb2C2H302,  white,  lead  oxalate.  On 
Platinum,  fuses,  and  decomposes  without  carbonizing:  fumes 
white,  irritating  and  cougli-provoking.  Oxalates  into  carbon- 
ates, or  oxides,  or  metal.  Calcium  oxalate  is  "  umlberry  cal- 
culus." By  heat  into  CaCOj,  soluble  with  ell'ervescence  in  HCi, 
not  precipitated  by  NH4OH,  nor  by  CaSO^,  but  by  CjOoCONHJj- 
See  p.  24. 

Tartaric  acid  C2H2(OH)2(COOH)2  =  CJifi,.  Page  35- 
Colorless  oblique-rhombic  prisms,  very  soluble.  Acid  reaction. 
Effervesces  with  NajCOj.  Feekic  chloride  no  reaciion.  Lime- 
water  in  excess  a  white  precipitate,  soluble  in  acetic  acid.  CaS04 
no  precipitate  (distinction  between  oxalic  and  tartaric  acid). 
CaCl2  no  precipitate:  but,  in  tartrates,  soluble  in  ammonium 
ciiloride.  KOH,  white,  crystalline,  cream  of  ta:tar,  if  solution 
acid  to  test-paper.  NH4OH,  white  crystalline  ammonium  hy- 
drogen tartrate,  in  acid  solution.  Test-paper  should  be  inserted 
in  the  liquid,  and  the  latter  stirred  or  shaken.  H2SO4,  browning 
and  blackening  at  once,  with  evolution  of  gas.  Pbi-CoHjOp,  white 
lead  tartrate,  very  soluble  in  ammonia.  AgNOj,  no  ^jrecipitate : 
but  one  in  tartrates.  On  Platinum,  fuses,  carbonizes,  emits  smell 
of  burnt  sugar,  and  residue  burns  away.  Tartrates  carbonize, 
ev(jlve  smell  of  burnt  sugar.  K2C4H4O6  very  soluble  in  water, 
alkaline.  KHC4H4O5  acid  to  test-paper,  requiring  160  parts  of 
cold  water.  By  heat  into  K2CO3,  with  violet  color  to  flame, 
sol.  in  HCI  with  effervescence",  not  prec.  by  NH^OH,  nor  by 
Na2C03:  with  TtC\,  yeUow  2KCl,PtCl4.  Tartar  emejic 
2(KSbOC4H,08)H,0,  is  slightly  acid,  soluble,  precipitated  by 
HCl,  and  by  Na^C'Oa  when  heated.  HCI  +  KoS  oian-e  SbjSj, 
sol.  in  HCI  and  also  in  (NH4)2S2.  On  Platinum,  violet  color  to 
flame,  and  the  reduced  antimony  forms  a  fusible  alloy  with  the 
platinum.  _  ^  , 

Citric  acid  C3H4(OH)(COOH)3  =  CeH.O,.  Page  36.  Color- 
less, oblique-rhombic  prisms,  very  soluble.  Acid  reaction. 
Effervescence  with  Na2C03.  Ferric  chloride  no  reaction. 
Lime-water,  in  excess,  no  precipitate ;  but  after  boiling  some 
time.    CaSOi  no  precipitate,    CaCl,  no  precipitate  :  but  on 
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neutralizing  Nvith  KOH.  Ne-.trulizo.  ^vitU  NH  OH  no  p  cc^ 
with  CaCL  until  heated.  H,SO.  rculily  evolves  CO  ^vitli  b  t 
sli.>-|,t  ehau-e  of  color.  Thi.s  it,.s  beliavioiir,  ino.t  like  oKuUe 
aefd  :  only  on  Ion-  boiling  darkens.  AgNO,  no  leaction  excep 
iu  eitrate;:  then  white  pr.  PbiC.H^O.,,  white,  amorphous,  lively 
.soluble  iu  ammonia.  On  platinum  1  u.ses,  carbonizes ;  tunios 
jiuii-ent.     CiTiiATES,  with  carbonization,  mto  carbonates,  oi 

oxides,  or  nielal.  ,-, -,t  -n  rk^i; 

Malic  acid  C.,H3(0H)^C00H),  =  0,II„0  Pa^e  36-  De  ' 
quescent,  indistinctly  crystalline.  Very  acid.  Etiervesccs  with 
X-x  CO  Fehrlc  chloride  no  reaction.  Lime-water  im 
reaction'  CaSO,  no  reaction.  CaCL,  none,  even  after  saturation 
with  KOH  or  NH^OH,  but  upon  boiling.  H.,SO„  gases  CO  and 
CO  evolved,  with  almost  immediate  browning  and  blackening 
(resembles  tartaric  acid).  AgNO,  no  reaction  except  111  malates. 
Pb-C.H,0„,  white  malate,  somewhat  soluble  m  malic  acid,  spa- 
rin<^lv  in 'ammonia.  Heated  carefully  iu  a  test-tube,  by  heat 
into  volatile  maleic  and  fumaric  acids.  On  platinum  tuses,  and 
evolves  pungent,  acid  vapors.  . ,    , .  . 

^rj].—  [n  presence  0/  only  one  of  these  four  acids,  Linie-initer 
serves  to  disliiiquish.  .     ,  ,  ,  . 

Uric  acid  C,H,N,03.    Page  3  3-    White  powder,  lusoluLle  in 
water.    Blackens  immediately  when  heated,  with  odor  ot  burn 
hair     Solution  of  potassium  urate  stroniily  alkaline.  HCl 
white  precipitate  of  uric  acid.    HNO3  as  a  drop,  added  to  - 
mere  trace  of  uric  acid,  and  evaporated,  a  red-brown  residu 
turned   purple   by  ammonia   (purpurate    of   ammonium  ' 
murexid).    CaCl^  white  calcium  urate. 


a 
or 


GRorp  D.  Includes  succinic,  benzoic,  and  htppiric  acids. 
When  heated  they  volatilize  :  hippuric  acid  with  decomposition. 
The  fumes  of  benzoic  acid  are  most  mitating.  The  calcium 
salts  are  soluble  in  water.  Ferric  chloride  precipitates  succinates, 
BENZOATES  and  hippurates,  respectively  brownish-red,  flesh- 
colored,  and  brown. 

Succinic  acid  C.,H,(COOH),  =  C,H,0,.  Page  37.  Colorless, 
rhombic  prisms,  very  soluble  in  water  and  alcohol,  volatile  wheii 
heated,  leaving  little  carbon  which  burns  away.  Acid  to  test- 
paper.  Effervesces  with  Na2C03.  Ferric  chloride  no  reaction  : 
but  in  succinates  a  brownish-red  pr.  of  ferric  succinate,  soluble 
Ln  HCl  with  yellow  color.  CaCU  no  reaction  :  in  succinates  none 
till  alcohol  is  added.  Pb2C.,H302,  white.  BaCL  no  reaction  : 
but  on  addition  of  ammonia  and  alcohol,  a  white  pr.,  and  none 
with  a  benzoate.  On  platinum,  burns  with  blue,  sootless  flame. 
Succinates  are  decomposed  by  heat  into  carbonates  and  carbon, 
oxides  and  carbon,  or  metal. 
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Benzoic  acid  CoHj.COOH  =  CjI-I^O^.  Pages  34  and  37. 
Colorless  scales,  soluble  in  200  of  cold  and  25  of  boiling 
water.  Acid  to  test-paper.  Effervescence  with  Na^COj. 
Ferric  chloride  no  reacl  ion  :  but  in  benzoates  a  flesh-colored 
prec.  in  which  the  ferric  is  dissolved  by  HCl,  leaving  white 
scales  of  benzoic  acid.  HCl  separates  benzoic  acid,  in  scales, 
from  soluble  benzoates.  CaCU  no  reaction.  PbiC^HjO,  no 
reaction,  but  in  benzoates.  BaCl,  no  reaction.  On  platinum 
burns  with  bright  sooty  flame,  with  scarcely  a  re.-idue.  Fuses 
at  120°  and  sublimes  at  145°.  Vapors  acrid  and  irritating. 
Crystals  often  odorous  of  gum-benzoin. 

Hippuric  acid  CfLNH(C,H,0)COOH  =r  CoH.NOj.  Page  34. 
In  rhombic  prisms,  soluble  in  600  paits  of  cold,  and  readily  in 
boiling  water.  Acid  reaction.  Eiferveseence  wifh  Na^COj. 
Salts  alkaline.  HCl,  a  precipitate  of  hippuric  acid,  increased 
by  excess.  FCjClg,  brown  precipitate ;  with  HCl  a  yellow 
chloride,  leaving  prismatic  crystals  of  hippuric  acid.  Pb:CoH302, 
ourdy  pr.  AgNOj  white  pv.  Hg.iNOj  white.  On  platinum, 
melts,  burns,  leaving  coaly  residue  which  burns  away. 

Group  E.  Includes  acetic,  formic,  propionic,  lactic,  and 
BCTYRic  acids.  Only  acetic  acid  required.  Volatile,  and 
capable  of  distillation  :  calcium  salt  very  soluble  in  water.  On 
addition  of  ferric  chloride  a  pale  red  color,  turning  yellow  when 
HCl  added. 

Acetic  acid  CH3COOH  =  OjH.Oo-  I'age  3  7-  In  scales,  at 
low  temperatures.  Pungent,  penetrating  liquid,  odorous  of 
"vinegar."  Acid  to  test-paper.  Volatile  without  residue.  Effer- 
vescence with  NaoCOj.  Ferric  chloride,  pale-red  color:  in 
acetates  deep  red",  yellow  by  HCl  (compare  sulphocyanide). 
AgNOg,  in  acetates,  white,  nacreous  crystals.  Hgj^NOa  in 
acetates,  white,  nacreous  crystals.  H2SO4  separates  CH3.COOH 
from  acetates  :  with  alcohol  and  HoSO^,  acetic  ether  formed. 
On  platinum,  acetates  into  carbonates,  oxides,  or  metul. 

Group  F.  Includes  meconic,  tannic,  and  gallic  acids.  Ferric 
chloride  produces  a  hlood-red,  a  blue-black  or  a  black  color  as 
well  in  the  free  acids  as  the  salts,  and  the  color  disappears  on 
addition  of  HCl.    They  are  easily  distinguished  by  tests. 

Meconic  acid  C,,H0CC00H)3  =  GMfi.,,  page  38.  In  scales, 
sparingly  soluble.  Acid  reaction.  Effervescence  with  Na.COj. 
Fe,Cle  blood-red  color,  not  bleached  by  HgClj  or  by  AuClj,  but 
by'  HOI.  No  coloration  in  presence  of  free  HCl.  CaClj  no 
reaction,  but,  in  soluble  meconates,  white  pr.  of  calcium 
meconate.    PbaCjHgO,,  white  precipitate. 

Tannic  acid  Ci^H.^O,.  Page  34-  Yellowish  powder,  very 
soluble  in  water.   Keddens  litmus.    Effervesces  with  Na^COj. 
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Snariu-ly  soluble  i.i  other.  Fe,Cl„  blue-black  pn-cipitale, 
bleuchcd  by  HCl.  Solution  precipitates  gelatin.  On  platinum 
fuses,  bliiekeus  iuul  burns  away.  i;„,tf, 
Gallic  acid  0,H,(Oli)3C0011  =  CUI.O,.  Pago  54.  Uehcate, 
silkv  needles  re^iuiriug  100  parts  ol  cold  and  3  ot  boiling  watei, 
so  that  in  solid  state  cannot  be  inisiakc.i  lor  tannic  acid. 
Reddens  litmus.  Effervescence  with  Na,CO,.  In  alkaline 
gallates,  HCl  carefully  added,  ^vill  precipitate  gallic  acu  . 
Soluble  in  ether.  Fe.,Cl„  black  color,  lileached  by  HCl.  Solution 
does  not  precipitate  gelatin.    Pb-.C.H.O^,  white  precipitate. 

Group  G  Includes  sulpuocyanides,  ferrocyanides.  and 
FERRicYANiDES.  Only  salts,  probably  of  K,  or  NH,.  Ferric 
chloride  a  deep  blood-red  color  in  sulphocyanides,  a  blue  pre- 
cipitate in  ferrocyanides,  and  a  brown  coloration  m  Icrricyanides, 
and  the  colors  not  removed  by  HCl.  . 

Sulphocyanides.  Page  32.  KCSN  and  NH,CSN,  the  chiet 
salts.  Colorless  solution.  Na„C03  no  reaction,  except  111 
NH.CSN,  when  (NHJ.GO,  evolved.  Fe,Cl„  deep  blood-red 
colo?,  not  bleached  by  HCl  :  but,  on  addition  ot  a  small  piece  ot 
zinc,  bleached  and  H,S  evolved.  Color  also  bleached  by  ligCU. 
Pb:C„H,0„,  white,  very  soluble  in  acetic  acid  and  in  the  salt. 

Ferrocyanides.  Page  ^t.  K,FeCy«,3H,0  the  chief  salt. 
Lemon-yellow  in  color.  Na.COj  no  reaction.  Fe.Cl^,  ^^^f^^J^- 
blue,  even  iu  presence  of  HCl.  HCl,  bhusli-white  pr.  ot  ll^Cly, 
readily  soluble  in  water.    CuSO,,  maroon  CuX'ty. 

Ferricyanides.  Page  31.  K„FeoCy,„,  the  chief  salt.  Brownish- 
careen  solution.  Na.,C03  no  reaction.  Fe„Cl„  brown  coloration 
not  removed  by  HCl.  HCl  110  visible  reaction.  FeSO,,,  Turn- 
bull's  blue.   

Group  H.  Includes  cyanides.  Alkaline  cyanides  blue  red 
litmus.  CaCU  no  reaction.  Fe.,Cl„  no  reaction.  AgNOj,  white 
curd-like   precipitate,  soluble   in   strong  HNO3  and  strong 

nh^oh.  . ,  , 

Cyanides.  Page  31.  CNK  smells  of  prussic  acid.  A  watch- 
"lass  dotted  with  silver  nitrate,  receives  opalescent  spots  of 
CNAg.  HCl  more  distinctly  separates  CNH.  Na,,C03  no  re- 
action. FeS04,  in  cyanides,  red  precipitate.  AgN03,  white 
CNAg,  soluble  in  boiling  HNO„  and  in  strong  NH.,OH. 
FeSO  °+  KOIi  heated,  and  HCl  added,  Prussian-blue  remains. 
Boiled  with  a  little  (NH.,).,So,  evajraraled,  re-dissolved  in  much 
water  and  f.-rric  chloride  added,  blood-red  ferric  sulphocyanide 
produced.  Prcs.sic  acid,  faintly  acid,  leaves  m^msi^m^  on 
Platinum;  is  readily  distilled.  /xV^^^^ 

THE  END. 
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THERAPEUTICS.  By  Adolphk  Wahltuoh,  M.D.  Svc, 
lOs.  6d. 

Pharmaceutical  Guide  to  the  First  and 

SECOND  EXAMINATIONS.  By  John  Barker  Smith. 
Second  Edition.    Crown  8vo.,  6s.  Gd. 

A  Handy- Book  of  Forensic  Medicine 

and  TOXICOLOGY.  By  W.  Bathurst  Woodman,  M.D., 
FRCP.,  and  C  Meymott  Tidy,  M.B.,  Professor  of 
Chemistry  and  of  Medical  Jurisprudence,  &c.,  at  the  London 
Hospital.  With  8  Lithographic  Plates  and  lib  ANood 
Engravings.    8vo.,  31s.  6d.   

Neiv  Burlington  Street,  Lo7idon. 
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An  Atlas  of  Human  Anatomy.  Illustrating 

most  of  tho  ordio'irv  Dissections,  and  many  not  usually- 
practised  bv  the  Student.  To  bo  completed  in  12  or 
Bi-monthly  Parts,  each  contninin.E;  4  Coloured  Plates,  with 
Explanatory  Text.  By  Rickman  J.  Goplee,  M.S.,  F.R.C.S., 
Assistant  Surgeon  to  University  College  Hospital,  and 
Seuior  Demonstrator  of  Anatomy  in  University  College. 
Imperial  Ito.,  7s.  Gd.  each  Part. 

Atlas  of  Topographical  Anatomy,  after 

Plane  Sections  of  Frozen  Bodies.  By  Wii.helm  Braune, 
Professor  of  Anatomy  in  the  Universitv  of  L'  ipzie:.  Trans- 
lated by  Edward  Bellamy,  F.R.C.S.,  Surgeon  to,  and 
Lecturer  on  Anatomy  at,  Charing  Cross  Hospital.  With 
34  Photo-lithographic  Plates  and  46  Woodcuts.  Large 
Imperial  8vo,,  iOs. 

Pathological  Anatomy.  Lectures  by  Samuel 
WiiKS,  M.D.,  F.R.S.,  Physician  to,  and  Lecturer  on 
Materia  Medic^  at,  Guy's  Hospital.  Second  Edition.  8vo., 
with  Plates,  ISs. 

By  the  same  Author. 

Lectures  on  Diseases  of  the  Nervous 

SYSTEM.   8vo.,  15s. 

A  Course  of  Operative   Surgery.  By 

Christophee  Heath,  F.R.C.S.,  Surgeon  to  University 
College  Hospital,  and  Holme  Professor  of  Surgery  ia 
■  University  College.  With  20  Plates  drawn  from  Nature 
by  M.  Leveille,  and  coloured  by  hand  under  his  direction. 
Large  Svo.,  40s. 

Aural  Surgery.  A  Practical  Treatise.  By 
H.  MACNArGHTON  JoNES,  M.D.,  Surgeou  to  the  Cork 
Ophthalmic  andj  Aural  Hospital.  With  46  Engravings. 
Crown  8vo.,  5.s\ 

The  Ear  :  its  Anatomy,  Physiology,  and  Diseases. 
A  Practical  Treatise.  By  Charles  H.  Burnett,  A.M., 
M.D.,  Aural  Surgeon  to  the  Presbyterian  Hospital,  and 
Surgeon  in  Charge  of  the  Infirmary  for  Diseases  of  the  Ear, 
Philadelphia.    With  87  Engravings.    8vo.,  18s. 


Neiv  Burlington  Street,  London. 
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A  Manual  of  Practical  Hygiene.  By 

EDMrND  A.  Parkes,  M.D.,  P.Pt.F.,  late  Professor  of  Hygiene 
to  the  Army  Medical  School,  Netley.  Fifih  Edition  by  F.  De 
ChatjMont,  M.D.,  Professor  fif  IMibtary  Hygiene  in  the  Army 
Medical  School.  With  9  Flatesaud  112  Engravings.  8vo.,  18k. 

The  MicroSCOpist :  a  Manual  of  Microscopy  and 
Compendium  of  the  Miorosropic  Sciences,  Micro-Mineral  igy, 
Micro-Chemistry,  Biology,  Histology,  and  Pathological  Hist- 
ology. By  J.  H.  Wythk,  A.M.,  M.D.,  Profes.'-or  of  Micro- 
scopy and  Biology  in  the  San  Francisco  Medical  College. 
Third  Edition.   With  205  Illustrations.   Koyal  Svo.,  IB*-. 

A  Toxicological  Chart,  exhibiting  at  one  view 
the  Symptoms,  Treatment,  and  Mode  of  detecting  Ihe  vari- 
ous Poisons,  Mineral,  Vegetable,  and  Animal.  To  whicli  are^ 
added  concise  Directions  for  the  Treatment  of  Suspended 
Animation.  By  William  Stowe,  M.K.C.S.E.  Thirteenth 
Edition.    Sheet,  2s. ;  Roller,  5s. 

The  Poisonous  Snakes  of  India.  Compiled 

by  Joseph  Ewart,  M.D.,  M.E.C.P.,  Surgeon- Major  in  the 
Bengal  Army,  President  of  the  Snake  Poison  Commission. 
With  21  Plates  (19  being  Coloured).    Ciown  4to.,  31s.  6(L 

A  Manual  of  Photography.  By  George  Daw- 
son M  A  ,  Ph.D.,  Lecturer  on  Photography  in  King's  College, 
London.  Eighth  Edition.  With  Engravings.  Fcp.8vo.,os.b(Z. 

Cooley's  Cyclopaedia  of  Practical  Re- 

CEIPTS  and  Collateral  Information  in  the  Arts,  Manu- 
factures Prolessions,  and  Trades  ;  including  Pharmacy  and 
Domestic  Economy  and  Hygiene.  Sixth  Edition,  revised 
and  re-writ  ten  by  Professor  Richard  V.  Ti  sox,  F.LG., 
FCS,  assisted  by  seveial  Scientihc  Contubutors.  In 
about  Fifteen  Monthly  Parts,  at  2.s  6cZ.  each 

Surgical  Emergencies,  together  with  the 

Emergencies  attendant  on  Parturition  and  the  Tnatment 
of  Poisoning.  A  Manual  for  ibe  Use,  of  General  1  racti- 
tioners.  By  William  P.  Swain,  F.R.C.S.  Surgeon  to  the 
Eoyal  Albert  Hospital,  Devonport.  Second  Edition.  Pu.t 
8vo.,  with  104  Engravings,  6s.  ^d.  
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BBAUNE— An  Atlas  of  Topographical  Ana- 
tomy, after  Plane  Secttons  of  Frozen  Bodies.  By  Wilhelm  Braunb 
Sssor  of  Anatomy  in  the  University  of  Leipzig.  Translated  by 
EdwIbo  Bella.it.  r.R.C.S.,  and  Member  of  the  Board  of  Bxammei^ 
S^geon  to  Charing  Cross  Hospital,  and  Lecturer  on  Anatomy  m  it^ 
Sol.  With  34  ihoto-Uthogi-aphic  Plates  and  46  Woodcuts.  Large 
imp.  8vo,  403. 

FLOWER —Biagvams   of  the    Nerves   of  the 

Human  Body,  exhibiting  theii-  Origin,  Divisions,  and  Connexions,  with 
their-  Distribution  to  the  vurious  Regions  of  the  Cutaneous  Surface  and 
to  aU  the  Muscles.  By  William  H.  Flower,  F.R.C.S.,  i.K.B. 
Hunterian  Professor  of  Comparative  Anatomy,  and  Consei-vator  of  the 
Museum,  Royal  CoUege  of  Sui-geons.  Third  Edition,  containing  6 
Plates.   Royal  4to,  12s. 

GODLEE— An    Atlas    of    Human  Anatomy: 

illustrating  most  of  the  ordinary  Dissections ;  and  mauy  not^uaUy 
practised  by  the  Student.  By  Rickmax  J.  Godlke,  M.S.,  F.R.C.b., 
Issistant-Sm-geon  to  University  College  Hospi^l,  Senior 
Demonstrator  of  Anatomy  in  University  College.  With  ^  Imp.  4to 
Coloui-ed  Plates,  containing  112  Figui-es,  and  a  Volume  of  Explanatory 
Text,  with  many  Engravings,  8vo,  £4  14s.  6d. 

HEATH  Practical    Anatomy:    a    Manual  of 

'  Dissections.  By  Ciir.isTOPiiER  Heath,  F.R.C.S.,  Holme  Professor  of 
Clinical  Siu'geiy  in  University  College  and  Sm-geon  to  the  Hospital. 
Fifth  Edition.  With  24  Coloured  Plates  and  269  Engravings.  Crown 
8vo,  15s, 
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ANATOMY— conihmed. 
HOLDEN.—A   Manual   of    the   Dissection  of 

nuniau  Body.  By  LrTiiF.u  IIolukn,  F.li.O.S.,  Consulting-SiiigfcoD  to 
St.  B.artliolomew'.s  Hospital.  Fourth  Edition.  Ilevi.sed  Ly  the  Author 
and  John  La.notox,  F.K.C.S.,  Assi.stant  Surgeon  and  Lecturer  on 
Anatomy  at  St.  Bartholomew's  Ho.spital.    With  Eng-raving-s.  8vo,  IGs. 

By  the  same  A  uihor. 

H  uman  Osteology  :  comprising  a  Descrip- 
tion of  the  Bones,  with  Delineations  of  tlie  Attachments  of  the 
Mu,scles,  the  General  and  Microscopical  Structure  of  Bone 
and  its  Development.  Sixth  Edition,  revised  by  the  Author  and 
Alban  Doban,  F.Ii.C.S.,  late  Anatomical,  now  Pathological, 
Assistant  to  the  Museum  of  the  Royal  College  of  Sm-g-eon.s. 
"With  61  Lithographic  Plates  and  89  Engi-avings.    Royal  8vo. 
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Landmarks,  Medical  and  Surgical.  Third 

Edition.    8vo,  3s.  6d. 

LANCEREAUX.—AWsiS  of  Pathological  Ana- 
tomy. By  Dr.  LAxcEiiEAUx.  Translated  by  "\V.  S.  Gkeexfield,  M.D., 
Professor  of  Pathology  in  the  University  of  Edinbui'gh.  "With 
70  Coloured  Plates.    Imperial  Bvo.    £5  5s. 

MOBBIS.— The  Anatomy  of  the  Joints  of  Man. 

By  Hknry  Morris,  M.A.,  F.R.C.S.,  Sm-geon  to.  and  Lecturer  on  Ana- 
tomy and  Practical  Surgery  at,  the  ISIiddlesex  Hospital.  "With  11 
Plates  (19  Coloured)  and  Engravings.    Bvo,  16s. 

The  Anatomical  Remembrancer ;  or,  Com- 
plete Pocket  Anatomist.    Eighth  Edition.   32mo,  3s.  6d. 

WAGSTAFFE.— The  Student's  Guide  to  Human 

Osteology.  By  "Wm.  "Warwick  Wagstaffe,  F.R.C.S.,  Assistant- 
Surgeon  to,  and  Lectui-er  on  Anatomy  at,  St.  Thomas's  Hospital. 
"With  23  Plates  and  6S  Engravings.    Fcap.  Svo,  10s.  6d. 
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ANATOMY — ,-niiliinic<l. 
WILSON  —  BUCHANAN  —  CLARK.  ~  Wilson's 

.•ijiatomist't;  Viiilo-Mecum :  a  System  of  Human  Anatomy.  Ti  ntli 
Edition,  by  OF.oiiciE  Blxhanan,  Professor  of  Clinical  Sur^;ery  in  the 
University  of  Gliisgow,  and  Hunry  E.  Claiik,  M.li.C.S  ,  Lecturer  on 
Anatomy  in  the  Ulasfrow  Royal  Infirmary  School  of  Medicine.  With 
450  Engravinijs,  including'  2G  Coloured  Plates.    Crown  Svo,  ISs. 


BOTANY. 

BJSNTLLY.—A  Manual  of  Botany.    By  Robert 

Bentley,  E.L.S.,  Professor  of  Botany  in  King's  College  and  to  the 
Pharmaceutical  Society.  With  nearly  1200  Engravings.  Fourth 
Edition.    CrOTvn  Svo.  ■  [jVt-n?.7  ,<-adi/. 

BENTLEY  AND  TRIMEN.— Medicinal  Plants: 

being  descriptions,  with  original  Figures,  of  the  Principal  Plants 
employed  in  Medicine,  and  an  account  of  theii-  Properties  and  Uses. 
By  EoBEKT  Bentlev,  F.L.S.,  and  Hexey  Trbie.n-,  M.B.,  EX. 8. 
In  4  Vols.,  large  Svo,  with  306  Coloured  Plates,  bound  in  half 
r.iorocco,  gilt  edges,  £11  lis. 


CHEMISTRY. 
nERNAYS.— Notes  for  Students  in  Chemistry; 

being  a  Syllabus  of  Oiemistry  compiled  mainly  from  the  Manuals  of 
Fownos-Watts.Miller,  Wurz,  and Schoiicmnier.  By  Ar,r.RiiT.T.Brj:yAYS, 
Ph.D.,  Professor  of  Chemistry  at  St.  Thomas's  Hospital.  Sixth 
Edition.    Ecap.  Svo,  38.  6d. 

By  ihe  same  A  uilior. 

Skeleton  Notes  on  Analytical  Chemistry, 

for  Students  in  Medicine.    Foap.  Svo,  2s.  6d. 

BOWMAN  AND  BLONAM.— Practical  Chemistry, 

including  iinalysis.  By  Joh.n'  E.  Bo\v.man,  formerly  Profe.ssor  of 
Practical  Chemi.'>try  in  King's  College,  and  Charles  L.  Bloxam, 
Professor  of  Chemistry  in  King's  College.  With  93  Engra\iugs. 
Seventh  Edition.   Ecap.  Svo,  Gs.  6d. 
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CHEMISTRY— co?i^mMe(7. 
BLOXAM. — Chemistry,  Inorganic  and  Organic  ; 

■with  Experiments.  By  Chaemcs  L.  Bloxam,  Professor  of  ChemLstry  in 
King's  College.  Fourth  Edition.  With  nearly  300  Engravings.  8vo,  16s. 

By  the  same  Author. 

Laboratory    Teaching ;      or,  Progressive 

Exercises  in  Practical  Chemi.stry.     Foui-th  Edition.     With  83 
Engravings.    Crown  Svo,  5s.  6d. 

CLOWES. — Practical  Chemistry  and  Qualita- 
tive Inorganic  Analysis.  An  Elementary  Treatise,  specially  adajjted  for 
use  in  the  Laboratories  of  Schools  and  Colleges,  and  by  Beginners. 
ByFnANK  Clowes,  D. Sc.,  Senior  Science  Master  at  the  High  School, 
Newcastle-under-Lyme.  Third  Edition.  With  47  Engravings.  Post 
Svo,  7s.  6d. 

FOWNES  AND  F.ArT>S.— Physical  and  Inorganic 

Chemistry.  Twelfth  Edition.  By  George  Fowxes,  F.R.S.,  and  Henbt 
Watts,  B.A.,  F.K.S.  With  154  Engravings,  and  Coloured  Plate  of 
Spectra.    Crown  8vo,  8s.  6d. 

By  the  same  Authors. 
Chemistry    of     Carbon  -  Compounds,  or 

Organic  Chemistry.  Twelfth  Edition.  With  Engravings. 
Crown  Svo,  10s. 

LUFF. — An  Introduction  to  the  Study  of  Che- 
mistry. Specially  designed  for  Medical  and  Pharmaceutical  Students. 
By  A.  P.  Luff,  F.I.C,  F.C.S.,  Lecturer  on  Chemistry  in  the  Central 
School  of  Chemisti-y  and  Pharmacy.    Crown  Svo,  2s.  6d. 

TIDY. — A   Handbook   of   Modern  Chemistry, 

Inorganic  and  Organic.  By  C.  Meymott  Tidy,  M.B.,  Professor  of 
Chemistry  and  Medical  Jmisprudence  at  the  London  Hospital.  Svo,  16s, 

VAGHER.—A  Primer  of  Chemistry,  including 

Analysis.   By  Arthur  Vacher.    ISmo,  Is. 
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CHEMISTRY— /f.'tZ. 
VALENTIN.-lntrodnction  to  Inorganic  Chem- 
istry.   By  AV.LL.AM  G.  Vamcntin,  F.C.S.    Third  Edition.  WiU. 
Bngnning's.    Svo,  6s.  6d. 

By  the  same  A  ufhoi: 

A  Course  of  Qualitative«Chemical  Analysis. 

Fifth  Editiouby  AV.K.  Hodgkixsox,  Ph.D.  (Wurzburg),  Demun- 
strator  of  Practical  Chemistry  in  the  Science  Training  Schools. 
"With  Engravings.   Svo,  7s.  6d. 

ALSO, 

Chemical  Tables  for  the  Lecture-room  and 

Laboratory.    In  Five  large  Sheets,  6s.  6d. 


CHILDilElSr,  DISEASES  OF. 
DAY.— A  Treatise  on  the.  Diseases  of  Children. 

ForPractitionersandStudents.  By  William  H  ^v,  M.D  Phrsieian 
to  the  Samaritan  Hospital  for  Women  and  Ch,ldi-en.  Cro^  Svo, 
12s.  6d. 

ELLIS— A  Practical  Manual  of  the  Diseases 

of  Children.  By  Edward  Ellis,  M.D.,  late  Senior  Physician  to  the 
Victoria  Hospital  for  Sick  Childi-en.  With  a  Formnlai-y.  Eonrth 
Edition.    Cr-ownSvo.  [Nearly  read,. 

SMITH  —  Clinical     Studies     of     Disease  in 

Children.  By  Eustace  Smith,  M.D.,  F.R.C.P.,  Physician  to  H.M^  the 
King  of  the  Belgians,  and  to  the  East  London  Hospital  for  Children. 
Post  Svo,  7a.  6d. 

By  the  same  Author. 

On  the  Wasting  Diseases  of  Infants  and 

Children.    Thii-d  Edition.    Post  Svo,  8s.  6d. 

STEINER.  Compendium  of  Children's  Dis- 
eases- a  Handbook  for  Practitioners  and  Students.  By  Jodann 
Stf.i.s'er,  M.D.  Translated  by  Lawson  Tait,  F.R.C.S.,  Surgeon  to  the 
Birmingham  Hospital  for  Women,  &c.,  Svo,  12s.  6d. 
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DENTISTRY. 

SEWILL.—Th.&     Student's    Guide    to  Dental 

Auatomyand  Sui'g'ery.  ByHENitv  E.  Sewill,  M.R.C.S.,  L  D.S.,  late 
Dental  Surgeon  to  the  West  London  Hospital.  AVith  77  Engi-avings. 
reap.  8vo,  5.S.  ed. 

^i>m7/.— Handbook  of  Dental   Anatomy  and 

Svu-gery.  For  the  Use  of  Students  and  Practitioners.  By  Joii.v  Smith, 
M.D.,  F.E.S.E.,  Dental  Surgeon  to  the  Royal  Infirmary,  Edinburgh. 
Second  Edition.   Fcap.  8vo,  4s.  6d. 

/SrCC'A'iJiV^.— Elements  of  Dental  Materia  Medica 

and  Therapeutics,  with  Pharmacopeia.  By  James  Stocke.v,  L.D.S.R.C.S., 
late  Lecturer  on  Dental  Materia  Medica  and  Therapeutics  and  Dental 
Surgeon  to  the  National  Dental  Ho.spital.    Third  Edition.    Fcap.  8vo. 

[//t  the  press. 

TAFT.~A    Practical    Treatise    on  Operative 

Dentistry.  By  J OxVAth  an  Taft,  D.D.S.,  Professor  of  Operative  Surgery 
in  the  Ohio  College  of  Dental  Surgery.  Thud  Edition.  With  134 
Engravings.   8vo,  18s. 

TOMES  {C.  6'.).— Manual  of  Dental  Anatomy, 

Human  and  Comparative.  By  Charles  8.  Tomes,  M.A.,  M.R.C.S., 
Lectui-er  on  Anatomy  and  Physiology  at  the  Dental  Hospital  of  London. 
Second  Edition.    With  Engravings.    Crwn  8vo.  [In  2J>-eparalion. 

TOMES  {J.  and  C.  S.).—A  Manual  of  Dental 

Surgery.  By  John  Tomes,  M.R.C.8.,  F.R.8.,  and  Charles  S.  Tomes, 
M.A.,  M.R.C.S.  Second  Edition.  With  262  Engraiings.  Fcap. 
8vo,  14s. 


EAR,  DISEASES  OF. 

BURNETT.— The  Ear:  its  Anatomy,  Physio- 
logy, and  Diseases.  A  Practical  Treatise  for  the  Use  of  Medical 
Students  and  Practitioners.  By  Charles  H.  Burnett,  M.D.,  Aural 
Surgeon  to  the  Presbyterian  Hospital,  Philadelphia.  With  87  Engrav- 
ings.  8vo,  18s. 
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EAE,  DISEASES  O'F  -  contiimed. 
DALBY.  On  Diseases  and  Injuries  of  the  Ear. 

DvAVilliamB.  Dalhv,  F.K.C.S.,  Aural  Surgeon  to,  and  Lecturer  on 
Aural  Sm-gery  at,  St.  George's  Hospital.  Second  Edition.  With 
Engravings.    Fcap.  8vo,  6s.  (Jd. 

JONES.— A  Practical  Treatise  on  Aural  Sur- 
gery. By  H.  Macxaughton  Jones,  M.D.,  Professor  of  the  Queen's 
University  in  Ii'eland,  Surgeon  to  the  Coik  Ophthalmic  and  Aiiral  Hos- 
pital.  With  46  Engravings.    Crown  Svo,  6s. 

By  the  same  Author. 
Atlas  of  the  Diseases   of  the  Membrana 

Tympani.  In  Coloured  Plates,  containing  59  Figures.  With  Ex- 
planatory Text.   Crown  4to,  21s. 


FORENSIC  MEDICINE. 
0(?>STOiV.— Lectures  on  Medical  Jurisprudence. 

By  Fra.vcis  Ogston",  M.D.,  Professor  of  Medical  Juri.?prudence  and 
Medical  Logic  in  the  University  of  Aberdeen.  Edited  by  Francis 
Ogston,  Jun.,  M.D.,  Assistant  to  the  Professor  of  Medical  Jui-ispra- 
dence  and  Lecturer  on  Practical  Toxicology  in  the  University  of 
Aberdeen.   With  12  Plates.    Svo,  I'^s. 

TAYLOR. — The    Principles    and    Practice  of 

Medical  Jurisprudence.  By  Alfred  S.  Taylor,  M.D.,  F.R.S.,  late 
Pi-ofessor  of  Medical  Jurisprudence  to  Guy's  Hospital.  Second  Edition. 
With  189  Engravings.  2  Vols.   Svo,  31s.  6d. 

By  the  same  A  uthor. 

A    Manual    of    Medical  Jurisprudence. 

Tenth  Edition.   With  55  Engravings.    Crown  Svo,  14s. 

ALSO, 

On  Poisons,  in  relation  to  Medical  Juris- 

pnidence  and  Medicine.  Third  Edition.  With  104  Engravings. 
Crown  Svo,  16s. 

WOODMAN  AND   TIDY— A   Handy-Book  of 

Forensic  Medicine  and  Toxicology.  By  W.  Bathurst  Woodman,  M.D., 
F.E.C.P.  ;  and  C.  Mbymott  Tidy,  M.B.  With  8  Lithographic  Plates 
and  116  Wood  Engravings.    Svo,  31s.  6d. 
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HYGIENE. 

PARKES.  —  A    Manual   of    Practical  Hygiene. 

By  Edmund  A.  Pakkes,  M.D.,  F.E.S,  Fifth  Edition  by  F.  De  Cuaumont, 
M.D.,  F.B.S.,  Professor  of  Military  Hygiene  in  the  Army  Medical 
School.    "With  9  Plates  and  112  Engravings.    Svo,  18s. 

WILSON.— A  Handbook  of  Hygiene  and  Sani- 
tary Science.  By  George  Wilsox,  M.A.,  M.D.,  Medical  Officer  of 
Health  for  Mid  Warwickshire.  Fourth  Edition.  "With  Engravings. 
Crown  Svo,  10s.  6d. 


MATERIA  MEDICA  AND  THERAPEUTICS. 
BINZ  AND  SPARKS.— Tht  Elements  of  Thera- 

peutics :  a  Clinical  Guide  to  the  Action  of  Medicines.  By  C. 
BiNz,  M.D.,  Professor  of  Pharmacology  in  the  University  of  Bonn. 
Translated  and  Edited  with  Additions,  in  conformity  with  the  British 
and  American  Pharmaeopoiias,  hy  Edward  I.  Spaf.ks,  M.A.,  M.B., 
F.K.C.P.  Lond,    Crown  Svo,  Ss.  ed. 

OWEN. — Tables    of    Materia    Medica  ;  com- 

prifing  the  Contents,  Do.?es,  Propoitional  Composition,  and  Methods 
of  Manufacture  of  Pharmacopceial  Preparations.  By  Isambard  Owex, 
M.B. ,  M.K.C.P.,  Lecturer  on  Materia  Medica  at  St.  George's  Hospital. 
Fifth  Edition.    Crown  Svo,  2s.  6d. 

ROYLE  AND  HARLEY.—A  Manual  of  Materia 

Medica  and  Therapeutics.  By  J.  Forbes  Eoyle,  M.D.,  F.R.S.,  and  John 
Harlby,  M.D.,  F.R.C'.P.,  Physician  to,  and  Joint  Lectmer  on  Clinical 
Medicine  at,  St.  Thomas's  Hospital.  Sixth  Edition.  "With  139  Engrav- 
ings   Crown  Svo,  15s. 

THOROWGOOD. —The     Student's    Guide  to 

Materia  Medica.  By  John  C.  Thorowgood,  M.D.,  F.R.C.P.,  Lectm-er 
on  Materia  Medica  at  the  Jliddlesex  Hospital.  "With  Engravings. 
Fcap.  Svo,  es.  6d. 

WARING.— A  Manual  of  Practical  Therapeu- 
tics. By  Edward  J.  "Waring,  C.B.,  M.D.,  F.E.C.P.  Tliird  Edition. 
Fcap.  Svo,  12s.  6d. 


NJEW  BUBLINGTON  STREET. 

8 


J.      A.  Churchill's  Medical  Cluss  Books. 


MEDICINE. 
BARCLAY.— A  Manual  of  Medical  Diagnosis. 

By  A.  WiiYTE  Barclay,  M.D.,  F.R.C.P.,  Physician  to,  and  Lecturer  on 
Medicine  at,  St.  George's  Hospital.    Third  Edition.    Fcap.  8vo,  10s.  6d. 

CHARTERIS.— The    Student's    Guide    to  the 

Pi-actice  of  Medicine.  By  Matthew  CnAnTEP.is,  M.D.,  Professor  of 
Materia  Medica,  University  of  Ghasgow;  Physician  to  the  Royal  Infirm- 
ary. "With  Engravings  on  Copper  and  Wood.  Tliird  Edition.  Fcap. 
8vo,  7s. 

FIJNWIGK.— The  Student's  Guide  to  Medical 

Diagnosis.  By  Sa.muel  Fbnwick,  M.D.,  F.R.C.P.,  Physician  to  the 
London  Hospital.  Fifth  Edition.  With  111  Engravings.  Fcap.  8vo,  7p. 

By  the  same  A  uthor. 

The  Student's  Outlines  of  Medical  Treat- 
ment.   Second  Edition,    Fcap.  Svo,  7s. 

FLINT. — Clinical  Medicine  :  a  S^/stematic  Trea- 
tise on  the  Diagnosis  and  Treatment  oi  Disease.  By  Austin  Flint, 
M.D.,  Professor  of  the  Principles  and  Practice  of  Medicine,  &c.,  in 
Bellevue  Hospital  Medical  College.    Svo,  2Cs. 

By  the  same  A  uthor. 

A  Manual  of  Percussion  and  Auscultation  ; 

of  the  Physical  Diagnosis  of  Diseases  of  the  Lungs  and  Heart,  and 
of  Thoracic  Aneurism.    Post  Svo,  6s.  ed. 

^xliZ.— Synopsis  of  the  Diseases  of  the  Larynx, 

Lungs,  and  Heart :  compiising  Dr.  Edwards'  Tables  on  the  Examina- 
tion of  the  Chest.  With  Alterations  and  Additions.  By  F.  De 
Havilland  Hall,  M.D.,  F.R.C.P.,  Assistant-Phy.sician  to  the  We.st- 
minster  Hospital.    Royal  Svo,  2s.  6d. 

SANS OM.— Manual  of  the  Physical  Diagnosis 

of  Diseases  of  the  Heait,  including  the  use  of  the  Sphygmograph 
and  Cardiograph.  By  A.  E.  Sansom,  M.D.,  F.R.C.P.,  Assistant- 
Physician  to  the  London  Hospital.  Third  Edition,  with  17  Woodcuts. 
Fcap.  Svo,  7s.  6d.  •• 
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MEDICINE — continued. 
WARNER.— StMdQnVs  Guide  to  Medical  Case- 

Takingr.  By  Phancis  Wabnep.,  M.D.,  Assistant-Pliyeician  to  the 
London  Hospital.    Fcap.  8vo,  5s. 

WHITTAKER.—^tudi&nts'  Primer  on  the  Urine. 

By  J.  Travis  Wiiittaker,  M.D.,  Clinical  Demonstrator  at  the  Royal 
Inflrranry,  Glasgow.  With  Illustiations,  and  IG  Plates  etched  on 
Copper.    Post  Svo,  4s.  I'd. 


MIDWIFERY. 

BARNES.— 'L.ectVir&s  on   Obstetric  Operations, 

including  the  Treatment  of  HEemonliage,  and  forming  a  Guide  to  the 
Management  of  Difficult  Labour.  By  Robert  Babxes,  M.D.,  F.R.C.P., 
Obsteti-ic  Physician  to,  and  Lecturer  on  Diseases  of  AVomen,  <&c.,  at  St. 
George's  Hospital.   Third  Edition.    With  124  Engi-a\-ings.   Svo,  18s. 

GLAY.—'V\\&  Complete  Handbook  of  Obstetric 

Sui-gery ;  or,  Short  Rules  of  Practice  in  every  Emergency,  from  the 
Simplest  to  the  mott  formidable  Operations  connected  with  the  Science 
of  Obs-tetricy.  By  Chahles  Clat,  M.D.,  late  Senior  Surgeon  to,  and 
Lecturer  on  Midwifery  at,  St.  Mary's  Hospital,  Manchester.  Third 
Edition.   With  91  Engravings.   Fcap.  Svo,  6s.  6d. 

RAMSBOTHAM.—i:^Q  Principles  and  Practice 

of  Obstetric  Medicine  andSm-gery.  By  Fbancis  H.  Ramsbothasi,  ^I  D., 
formerly  Obstetric  Physician  to  the  London  Hospital.  Fifth  Edition. 
With  120  Plates,  forming  one  thick  handsome  volume.   Svo,  22s. 

REYNOLDS.— Notes  on  Midwifery:  specially 

designed  to  assist  the  Student  in  preparing  for  Examination.  By  J.  J. 
Reynolds,  M.R.C.S.   Fcap.  Svo,  4s. 

ROBERTS— The  Student's  Guide  to  the  Practice 

of  Midwifery.  By  D.  Lloyd  Roberts,  M.D.,  F.R.C.P.,  Physician  to 
St.  Mary's  Hospital,  Manchester.  Second  Edition.  With  111  Engrav- 
ings.   Fcap.  Svo,  7s. 
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MIDWIFERY— eonfinued. 
SCHROEDER.—A  Manual  or  Midwifery  ;  includ- 

iiiy  the  rutliolcig-y  of  rregnancy  and  the  ruerpcral  State.  By  Karl 
SciiROKunu,  M.D.,  Professor  of  Midwifery  in  the  University  of  Erlaugen. 
Translated  by  Ciiaules  H.  Carteii,  M.D.    With  En^?l•a^ing■s.  8vo, 

12s.  sa. 

/STF^TiYi;.  — Obstetric  Aphorisms  for  the  Use  of 

students  commencing  Midwifery  Pi'actico.  By  Joseph  Q.  Swayne, 
M.D.,  Lecturer  on  Midwifery  at  the  Bristol  School  of  Medicine.  Seventh 
Edition.    AVitli  Eng-ravings.   Fcap.  S^-o,  3g.  6d. 


MICROSCOPY. 

CARPENTER.— The  Microscope  and  its  Revela- 
tions. By  William  B.  Carpenter,  C.B.,  M.D. ,  E.R.S.  Sixth  Edition. 
With  26  Plates,  a  Coloured  Frontispiece,  and  more  than  500  Engravings. 
Crown  8vo,  16s. 

ilfyli^/S'iJ.— Section-Cutting  :   a  Practical  Guide 

to  the  Preparation  and  Mounting  of  Sections  for  the  Microscope,  special 
prominence  being  given  to  the  subject  of  Animal  Sections.  By  Dr. 
Sylvester  Marsh.    With  Engravings.    Fcap.  8vo,  2s.  6d. 

AFARTIN. — A  Manual  of  Microscopic  Mounting. 

By  John  H.  Makti.v,  Member  of  the  Society  of  Public  Analysts,  &c. 
Second  Edition.    With  several  Plates  and  144  Engravings.    8vo,  7s.  6d. 


OPHTHALMOLOGY. 

DAGUENET.—A  Manual  of  Ophthalmoscopy 

for  the  Use  of  Students.  By  Dr.  Daguexex.  Translated  by  C.  S. 
Jeaffeeson,  Sm-geon  to  the  NevFcastle-on-Tyne  Eye  Infirmary.  With 
Engravings.   Fcap.  8vo,  5s. 

HIGGENS.— Hints  on  Ophthalmic  Out- Patient 

Practice.  By  Charles  Higgens,  F.E.C.S.,  Ophthalmic  Assistant-Sur- 
geon to,  and  Lecturer  on  Ophthalmology  at,  Guy's  Hospital.  Second 
Edition.   Fcap.  8vo,  3s. 
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OPHTHALMOLOGY — continued. 
JONES.— A    Manual    of    the   Principles  and 

Practice  of  Ophthalmic  Medicine  and  Siugery.  By  T.  Wjiarton  J  ones, 
F.R.C.S.,  F.E,.S.,  late  Ophthahnic  Surgeon  and  Professor  of  Ophthalmo- 
logy to  University  College  Hospital.  Third  Edition.  With  9  Colom-ed 
Plates  and  173  Engravings.   Fcap.  8vo,  12s.  6d. 

MACNAMARA.—A  Manual  of  the  Diseases  of 

the  Eye.  By  Charles  Macnamara,  F.E.C.S.,  Sm-geon  to  Westminster 
Hospital.  Third  Edition.  With  7  Coloured  Plates  and  52  Engi-avmgs. 
Fcap.  8vo,  12s.  6d. 

NETTLESHIP.—The  Student's  Guide  to  Diseases 

of  the  Eye.  By  Edward  Nettleship,  F.E.C.S.,  Ophthalmic  Surgeon 
to,  and  Lecturer  on  Ophthalmic  Surgery  at,  St.  Thomas's  Hospital. 
With  48  Engravings.    Fcap.  8vo,  7s.  6d. 


PATHOLOGY. 

JONES  AND  SIEVEKING.—A  Manual  of  Patho- 
logical Anatomy.  By  C.  Handfield  Jones,  M.B.,  F.E.S.,  and  Edward 
H  SiEVEKiNG,  M.D.,  F.R.C.P.  Second  Edition.  Edited,  with  consider- 
able enlaa-gement,  by  J.  F.  Payne,  M.B.,  Assistant-Physic^n  and 
Lectm-er  on  General  Pathology  at  St.  Thomas's  Hospital.  With  19o 
Engi-avings.    Cro-wn  8vo,  168. 

VIRCHOW.  —  Post-Mortem   Examinations  :  a 

Description  and  Explanation  of  the  Method  of  Performing  them, 
with  especial  reference  to  Medico-Legal  Practice.  By  Professor 
EuDOLPH  ViBCTiow,  Berlin  Charite  Hospital.  Translated  by  Dr.  T.  B. 
Smith.    Second  Edition,  with  4  Plates.    Fcap.  8vo,  3s.  6d. 

WILKS  AND  ilfOXOiV^.— Lectures  on  Pathologi- 
cal Anatomy.   By  Sa^itkl  Wilks,  M.D.,  F.E.S.,  Physician  to  and 
Lecturer  on  Medicine  at,  Guy's  Hospital;  and  Walter  Moxon,  M^D 
F  E  C  P  ,  Physician  to,  and  Leotm-er  on  Cbnical  Medicine  at,  Guy  s 
Hospital.    Second  Edition.   With  7  Steel  Plates.    8vo,  18s. 


PSYCHOLOGY. 
BUGKNILL  AND  TUKE.—A  Manual  of  Psycho- 
logical Medicine:  containing  the  Lunacy  Laws,  Nosology,  -^^tiology, 
Statistics,  Description,  Diagnosis,  Pathology,  and  Treatment  of  Insani^, 
with  an  Appendix  of  Cases.  By  John  C-  Buckxili..  ^^D.  F^K^ 
and  D.  HackTuke,  M.D.,  F.E.C.P.  Fom-th  Edition,  %vith  12  Plates 
(30  Figures) .    8vo,  25s.  '  
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PHYSIOLOGY. 

(7^i?Pi;A^2'^i?.— Principles  of  Human  Physio- 
logy. By  William  B.  Caiipenteu,  C.B.,  M.D.,  F.U.S.  Ninth  Edition. 
Edited  by  Heni-y  Power,  M.B.,  E.E.C.S.  With  3  Steel  Plates  and 
377  Wood  Engravings.   Svo,  31s.  6d. 

DALTON. — A  Treatise  on  Human  Physiology  : 

de.signed  for  the  use  of  Students  and  Practitioners  of  Medicine.  By 
JoHK  C.  Dalton',  M.D.,  Professor  of  Physiology  and  Hygiene  in  the 
College  of  Physicians  and  Siu-geons,  New  York.  Sixth  Edition.  With 
316  EngTa\ings.   Eoyal  Svo,  20s. 

FREY.—Th&  Histology  and  Histo-Chemistry  of 

Man.  A  Treatise  on  the  Elements  of  Composition  and  Structui-e  of  the 
Human  Body.  By  Heikeich  Frey,  Professor  of  Medicine  in  Zurich. 
Translated  by  AnxnuR  E.  Barker,  Assistant-Sui-geon  to  the  Uni- 
versity College  Hospital.    With  60S  Engavings.   Svo,  21s. 

FULTON.— A  Text-Book  of  Physiology,  includ- 
ing Histology.  By  J.  Fultox,  M.D.,  Pi'ofessor  of  Physiology  and 
Sanitary  Science  in  Trinity  Medical  College,  Toronto ;  Sui-geon  to  the 
Toronto  General  Hospital.  Secon  Edition,  with  151  Engraviags. 
Svo,  15s. 

RUTHERFOBD.— Outlines  of   Practical  Histo- 

logy.  By  William  RuTnEEFORD,  M.D.,  F.E.S.,  Professor  of  the  Insti- 
tutes of  Medicine  in  the  University  of  Edinbui'gh  ;  Examiner  in 
Physiology  in  the  University  of  London.  Thu'd  Edition.  With 
Engravings.   Crown  Svo  (with  additional  leaves  for  Notes). 

[In  2)i'e2>aralion. 

SANDFRSON.— Handbook  for  the  Physiological 

Laboratory  :  containing  an  Exposition  of  the  fundamental  facta  of  the 
Science,  with  expUcit  Du'ectiona  for  their  demonstration.  By  J.  Bukdon 
Sa.suekso.v,  M.D.,  F.E.S.,  Jodrell  Professor  of  Physiology  in  University 
College;  E.  Klbi.v,  M.D.,  F.E.S.,  Assistant- Professor  in  the  Brown 
Institution ;  Michael  Foster,  M.D.,  F.R.S.,  Pi-eelector  of  Physiology 
at  Trinity  CoUege,  Cambridge  ;  andT.  Lauder  Bronton,  M.D.,  F.E.S., 
Lecturer  on  Materia  Medica  at  St.  Bai'tholomew's  Hospital  Medical 
CoUege.    2  Vols.,  with  123  Plates.   Svo,  24s. 
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SURGERY. 

BRYANT.  —  A   Manual    for    the    Practice  of 

Sui'geiy.  By  Thomas  Bryant,  F.ll.C.S.,  Surgeon  to,  and  LccluixT  on 
Surgery  at,  Ouy's  Hospital.  Third  Edition.  With  672  En^avings 
(nearly  all  original,  many  being  coloured).   2  vols.    Crown  8vo,  28s. 

BELLAMY.— Th.Q  Student's  Guide  to  Surgical 

Anatomy ;  a  Description  of  the  more  important  Surgical  Eegiona  of 
the  Human  Body,  and  an  Introduction  to  Operative  Siu-geiy.  By 
Edward  Bellamy,  F.B.C.S.,  and  Member  of  the  Board  of  Examiners  ; 
Surgeon  to,  and  Lecturer  on  Anatomy  at,  Charing  Cross  HospitaL 
Second  Edition.   With  76  Engravings.   Pcap.  Bvo,  73. 

CLARK     AND     WAGSTAFFE.  —  Outlines  of 

Surgery  and  Surgical  Pathology.  By  F.  Le  Gros  Clark,  F.Ii.C.S., 
F.RS.,  Consulting  Surgeon  to  St.  Thomas's  Hospital.  Second 
Edition.  Revised  and  expanded  by  the  Author,  assisted  by  W.  W. 
AVagstaffe,  F.R.C.S.,  As.sistant-Surgeon  to  St.  Thomas's  Hospital. 
8vo,  10s.  6d. 

DRUITT. — The    Surgeon's   Vade-Mecum  ;  a 

Manual  of  Modern  Siu-gcry.  By  Robert  Drlitt,  F.R.C.S.  Eleventh 
Edition.    With  369  Engravings.    Fcap.  Bvo,  Its. 

FERGUSSON.—A  System  of  Practical  Surgery. 

By  Sir  William  Fergusson,  Bart.,  F.R.C.S.,  F.R.S.,  late  Surgeon  and 
Professor  of  Clinical  Sui'gery  to  King's  CoUege  Hospital.  With  463 
Engravings.   Fifth  Edition.   8vo,  2l8. 

HEATH.^A   Manual   of  Minor    Surgery  and 

Bandaging,  for  the  use  of  House-Sm'geons,  Dressers,  and  Junior  Practi- 
tioners. By  Christopher  Heath,  F.R.C.S.,  Hobne  Professor  of  Clinical 
Sm-gery  in  University  College  and  Surgeon  to  the  Hospital.  Sixth 
Edition.    With  115  Engravings.   Fcap.  8vo.    5s.  6d. 

By  the  same  A  uihor. 

A   Course    of   Operative    Surgery :  with 

Twenty  Plates  drawn  from  Nature  by  M.  Levbille,  and  Coloured 
by  hand  under  Ms  direction.   Large  Svo,  40s. 

also, 

The   Student's   Guide  to   Surgical  Diag- 
nosis. Fcap.  Svo,  6s.  6d. 
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SURGERY—  continued. 
.MAUNDJEB.— Operative   Surgery.    By  Charles 

F.  Maunder,  F.R.C.S.,  late  Sm-geon  to,  and  Leotui'er  on  Surgery  at, 
the  London  Hospital.  Second  Edition.  AVith  164  Engraving.s.  Post 
Svo,  6s. 

.PJMRIE.—The    Principles    and    Practice  of 

Sm-geiy.  By  Willi.\m  Tirrie,  P.E.S.E.,  Profes.sor  of  Surgery  in  the 
University  of  Aberdeen.  Thii-d  Edition.  With  490  Engravings.  Svo,  283. 


TERMINOLOGY. 

iDUNGLISON.—Medicsil  Lexicon  :  a  Dictionary 

of  Medical  Science,  containing  a  concise  Explanation  of  its  various 
Subjects  and  Terms,  -with  Accentuation,  Etymology,  Synonymes,  &o. 
By  EoBLEv  DuNGLisoN,  M.D.  New  Edition,  thoroughly  revised  by 
Richard  J.  Dunglison,  M.D.    Eoyal  Svo,  2Ss. 

MAYNE.—A   Medical   Vocabulary:    being  an 

Explanation  of  all  Terms  and  Phrases  used  in  the  various  Depart- 
ments of  Medical  Science  and  Practice,  giving  their  Derivation,  Meaning. 
Application,  and  Pronunciation.  By  Robert  G.  Mayne,  M.D.,  LL.D., 
and  JoH.v  Mayxe,  M.D.,  L.R.C.S.E.  Fifth  Edition.  Fcap.  Svo,  10s.  6d. 


WOMEN",  DISEASES  OF. 
.BARNES.— A  Clinical  History  of  the  Medical 

and  Sui-gical  Diseases  of  Women.  By  Robert  Barnes,  M.D.,  F.R.C.P. , 
Obstetric  Physician  to,  and  Lecturer  on  Diseases  of  Women,  '&c,,  at,' St'. 
George's  Hospital.    Second  Edition.    With  181  Engravings.    Svo,  28s. 

:Z)C/i\^(7^i\^.  — Clinical  Lectures  on  the  Diseases 

of  Women.  By  J.  Matthews  Duxcan,  M.D.,  Obstetric  Physician  to 
St.  Bartholomew's  Hospital.    Svo,  8s. 

EMMET.  — The    Principles    and    Practice  of 

Gynaecology.  By  Tho.mas  Addi.s  Emmet,  M.D.,  Sui-geon  to  the 
Woman  s  Ho.spital  of  the  State  of  New  York.  With  130  Engi-avino-s 
Royal  Svo,  24s.  °  ' 
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WOMEN,  DISEASES  Q-F— continued. 
GALABIN.— The   Student's  Guide  to  the  Dis- 

eascB  of  Women.  By  A^fked  L.  Galab.n^  M.D.  F.R.C.P.  Assistant 
Obstetric  Physician  and  Joint  Lectua-er  on  Obstetric  Me^cine  at  Guy  s 
Hospital.    Second  Edition.   With  70  Engravings.   Fcap.  8vo,  78.  6a. 

REYNOLDS.— liotes  on  Diseases  of  Women. 

Specially  designed  for  Students  preparing  for  Examination.   By  J.  J. 
Reynolds,  M.R.C.S.   Fcap.  8vo,  2s.  6d. 

^SMITjET— Practical  Gynaecology:  a  Handbook 

of  the  Diseases  of  Women.  By  Hevwood  Sm:th,  M.D  Physician  to 
the  Hospital  for  Women  and  to  the  British  Ljang-m  Hospital.  With 
Engi-avings.    Crown  8vo,  5s.  6d. 

WEST  AND  DUNCAN— l^ectures  on  the  Dis- 
eases of  women.  By  Chahlks  West,  M.D.,  F.R.C.P.  Fourth 
Sou  Revised  and  in  part  re-written  by  the  Author  with  numerous 
fddUions,by  J.  Matthews  Dukcak,  M.D.,  Obsteti-ic  Physician  to  St. 
Bartholomew's  Hospital.   8vo,  16s. 

ZOOLOGY. 

BRADLEY— Manual  of  Comparative  Anatomy 

andPhysiologj^  By  S.  Messenger  Bkadi.ev,  F.R.C.S.,  late  Le'^tmrej  on 
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